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AROMATIC RING DERIVATIVES 

Novel aromatic ring derivatives represented by formula (I) or their pharmaceutical acceptable salts are pro- 



Ra-SO*-NHCO-chi-Nu~ch 2 — A (I) 

I 

R i 



wherein Nu represents a 5- or 6-membered aromatic ring; ch 1 and ch 2 each represents a cross-linking group; and A 
represents an aromatic ring. 

These compounds have blood sugar-depressing activity or PDE 5 inhibitory activity and are useful as medicines 
^ for treating impaired glucose tolerance, diabetes, diabetic complications, syndrome of insulin-resistance, polycystic 
CjJ ovary syndrome, hyperlipidemia, atherosclerosis, cardiovascular disorders, hyperglycemia, hypertension, stenocardia, 
pulmonary hypertension, congestive heart failure, glomerulopathy, tubulointerstitial disorders, renal failure, angiostena- 
sis, distal angiopathy, cerebral apoplexy, chronic reversible obstructions, autoimmune diseases, allergic rhinitis, urti- 
caria, glaucoma, diseases characterized by enteromotility disorders, impotence, nephritis, cachexia, pancreatitis, 
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O restenosis after PTCA, etc. 
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Description 

Technical Field 

s [0001] The present invention relates to novel aromatic ring derivatives and specifically to novel aromatic ring deriv- 
atives and their pharmaceutically acceptable salts having blood sugar level-depressing activity or PDES-inhibiting activ- 
ity. The present invention also relates to pharmaceutical compositions comprising such an aromatic ring derivative or 
its salt as an active ingredient. 

w Disclosure of the Invention 

[0002] An objective of the present invention is to provide novel aromatic ring derivatives and their pharmaceutically 
acceptable salts, and also pharmaceutical compositions comprising such an aromatic ring derivative or its pharmaceu- 
tically acceptable salt as an active ingredient, which are useful for preventing and treating impaired glucose tolerance, 

is diabetes (type II diabetes), diabetic complications (e.g., diabetic gangrene, diabetic arthropathy, diabetic osteopenia, 
diabetic glomerulosclerosis, diabetic nephropathy, diabetic dermatopathy, diabetic neuropathy, diabetic cataract, dia- 
betic retinopathy, etc.), syndrome of insulin resistance (e.g., insulin receptor disorders, Rabson-Mendenhall syndrome, 
leprechaunism, Kobberling-Dunnigan syndrome, Seip syndrome, Lawrence syndrome, Cushing syndrome, acromeg- 
aly, etc.), polycystic ovary syndrome, hyperlipidemia, atherosclerosis, cardiovascular disorders (e.g., stenocardia, car- 

20 diac failure, etc.), hyperglycemia (e.g., those characterized by abnormal saccharometabolism such as feeding 
disorders, etc.), hypertension, stenocardia, pulmonary hypertension, congestive heart failure, glomerulopathy (e.g., 
diabetic glomerulosclerosis, etc.), tubulointerstitial disorders (e.g., renopathy induced by FK506, cyclosporin, etc.), 
renal failure, atherosclerosis, angiostenosis (e.g., after percutaneous arterioplasty), distal angiopathy, cerebral apo- 
plexy, chronic reversible obstructions (e.g., bronchitis, asthma (chronic asthma, allergic asthma), etc.), autoimmune dis- 

25 eases, allergic rhinitis, urticaria, glaucoma, diseases characterized by enteromotiiity disorders (e.g., hypersensitive 
enteropathy syndrome, etc.), impotence (e.g., organic impotence, psychic impotence, etc.), nephritis, cachexia (e.g., 
progressive weight loss due to lipolysis, myolysis, anemia, edema, anorexia etc., in chronic diseases including cancer, 
tuberculosis, endocrinopathy, AIDS, etc.), pancreatitis, or restenosis after PTC A. 

[0003] The present inventors provide novel aromatic ring derivatives represented by any one of formulae (I) and (III) 

30 to (VI) below and their pharmaceutically acceptable salts, and also provide pharmaceutical compositions comprising 
the compound as an active ingredient, which are useful for preventing and treating impaired glucose tolerance, diabetes 
(type II diabetes), diabetic complications (e.g., diabetic gangrene, diabetic arthropathy, diabetic osteopenia, diabetic 
glomerulosclerosis, diabetic nephropathy, diabetic dermatopathy, diabetic neuropathy, diabetic cataract diabetic retin- 
opathy, etc.), syndrome of insulin resistance (e.g., insulin receptor disorders, Rabson-Mendenhall syndrome, lepre- 

35 chaunism, Kobberling-Dunnigan syndrome, Seip syndrome, Lawrence syndrome, Cushing syndrome, acromegaly, 
etc.), polycystic ovary syndrome, hyperlipidemia, atherosclerosis, cardiovascular disorders (e.g., stenocardia, cardiac 
failure, etc.), hyperglycemia (e.g., those characterized by abnormal saccharometabolism such as feeding disorders, 
etc.), hypertension, stenocardia, pulmonary hypertension, congestive heart failure, glomerulopathy (e.g., diabetic 
glomerulosclerosis, etc.), tubulointerstitial disorders (e.g., renopathy induced by FK506, cyclosporin, etc.), renal failure, 

40 atherosclerosis, angiostenosis (e.g., after percutaneous arterioplasty), distal angiopathy, cerebral apoplexy, chronic 
reversible obstructions (e.g., bronchitis, asthma (chronic asthma, allergic asthma), etc.), autoimmune diseases, allergic 
rhinitis, urticaria, glaucoma, diseases characterized by enteromotiiity disorders (e.g., hypersensitive enteropathy syn- 
drome, etc.), impotence (e.g., organic impotence, psychic impotence, etc.), nephritis, cachexia (e.g., progressive weight 
loss due to lipolysis, myolysis, anemia, edema, anorexia etc., in chronic diseases including cancer, tuberculosis, endo- 

45 crinopathy, AIDS, etc.), pancreatitis, or restenosis after PTCA. 



X— cfy— Nu-ch 2 -A 

(Rl)n (I) 



55 wherein X indicates a substituent represented by formula (II): 
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H 



° °6 



(II) 



wherein R 2 represents a lower alkyl group, a lower alkenyl group, a lower aikynyl group, a cyclo-lower alkyl group, an 
aromatic group, or a heterocyclic group, each of which may have one or more substituents; ch-| and ch 2 each represents 
a saturated or unsaturated cross-linking group, which may be branched; chi may have one or more substituents 
selected from the group consisting of a lower alkyl group, a lower cycloalkyl group, an aromatic group, a heterocyclic 
group, a lower alkyl-lower cycloalkyl group, an aromatic-lower alkyl group, and a heterocyciic-lower alkyl group; Nu rep- 
resents a 5- or 6-membered aromatic group; Xand Nu may be bonded directly to each other; R-i represents a hydrogen 
atom, a halogen atom, a lower alkyl group, an amino group, an acylamino group, a lower alkenyl group, a lower aikynyl 
group, a halo-lower alkyl group, a lower cycloalkyl group, a nitro group, a lower alkylamino group, a carboxyl group, an 
esterrfied carboxyl group, an amidated carboxyl group, a lower aikanesulfonyi group, an aromaiic-sulfonyl group, a 
hydroxyl group, or a lower alkoxyl group; n is a natural number of 2 or less; and A is an aromatic ring that may have one 
or more substituents. 



H 




(in) 



wherein R 3 represents a hydrogen atom or a lower alkyl group; R 4 represents a hydrogen atom or an acyl group; X and 
A are as defined above. 




wherein A is as defined above. 



(V) 



wherein R 5 represents a hydrogen atom or a lower alkyl group; R 6 represents a hydrogen atom, a halogen atom, or a 
phenyl group; and X and A are as defined above. 
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(VI) 



wherein A, R 5 , and Rg are as defined above. 

[0004] The aromatic ring derivatives of the present invention in which Nu is a benzene ring can be synthesized 
through the reaction scheme represented by formulae (a) to (h) below. 




In formulae (a) to (C), Z represents a halogen atom; R 1 has the same definition as CH 2 A described above; R a repre- 
sents a hydrogen atom or an alkyl group; R 2 is a alkyl group, a lower alkenyl group, a lower a(kynyl group, a cyclo-lower 
alky! group, an aromatic group, or a heterocyclic group, which may have one or more substituents. 
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(4) (5) 

In formula (d), R 1 and R 2 are as defined above, and R a and R b represent a hydrogen atom or an alky! group. 




(7) (8) 




In formulae (e) to (h), R 1 and R 2 are as defined above, and R a represents a hydrogen atom or an alkyl group. 
[0005] In formula (a) the compound of formula (2) can be synthesized from the compound of formula (1) and 
R 1 NHR a , wherein R a and R 1 are as defined above. In formula (b), the compound of formula (3) can be obtained by 
reacting the compound of formula (2) with a carboxylic acid-activating agent, such as N,N'-carbonyldi imidazole, 1-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide or its salts, dicyclohexylcarbodiimide, isobutyloxycarbonyl chloride, isobuty- 
loyl chloride, pivaloyl chloride, isobutylchloroformate, diphenylphosphoryl azide, or diethyl cyanophosphate, and then 
reacting the reaction product with the corresponding sulfonamides in the presence of a base, such as diazabicycloun- 
decene, triethylamine, 4-dimethylaminopyridine, N.N-dimethylaniline, pyridine, N-methylmorpholine, N-ethylpiperidine, 
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potassium hydroxide, sodium hydroxide, potassium phosphate, potassium hydrogen carbonate, potassium carbonate, 
sodium carbonate, sodium hydride, potassium t-butoxide, sodium methoxide, or sodium ethoxide. 
[0006] In formula (c), the compound of formula (4) can be obtained by reducing the nitro group of the compound of 
formula (3) with a hydrogenation catalyst such as palladium-carbon in a hydrogen atmosphere. The nitro group can also 
be reduced with 1) reduced iron or zinc, 2) sodium hydrosuffite, 3) formic acid or ammonium formate in the presence of 
a transition metal catalyst such as palladium-carbon; 4) with nickel; etc. 

[0007] The compound of formula (5) can be produced from the compound of formula (4) through the reaction of for- 
mula (d). Specifically, the compound of formula (4) is allowed to react with R b COY (R b represents a hydrogen atom or 
an alkyl group, and Y is a chlorine atom or a bromine atom) in the presence of a base to obtain the compound of formula 
(5). 

[0008] In formula (e), the compound of formula (6) can be converted to the compound of formula (7) in the same 
manner as in the reaction of formula (b). In formula (f), the compound of formula (7) can be hydrolyzed with a base, such 
as lithium hydroxide, sodium hydroxide, potassium hydroxide, potassium carbonate, or sodium carbonate, to give the 
compound of formula (8). In formula (g), the compound of formula (9), corresponding to the compound of formula (3) in 
which R a is a hydrogen atom, can be synthesized from the compound of formula (8) and a compound of the formula 
R 1 2' (R 1 is as defined above, and T represents a chlorine atom, a bromine atom, an iodine atom, an alkanesulfonyl 
group, or an arylsulfonyl group) in the presence of a base. In formula (h), the compound of formula (9) can be converted 
into the compound of formula (10) that is the compound of formula (4) in which R a is a hydrogen atom in the same man- 
ner as in formula (c). 

[0009] When Nlu is a pyridine ring in the compound of formula (I), aromatic ring derivatives of the present invention 
can be synthesized through the reaction scheme represented by formulae (i) to (k). 
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(14) (15) 



In formulae (i) to (k), A is as defined above. 

[001 0] The compound of formula (13) can be synthesized from compounds of formulae (11) and (1 2) in acetic anhy- 
dride according to formula (i). In formula 0), the compound of formula (14) can be produced by reacting the compound 
of formula (1 3) with selenium dioxide in the presence of a base such as pyridine or the like. In formula (k), the compound 
of formula (15) can be obtained front the compound of formula (14) in the same manner as in formula (b). 
[001 1 ] When Nu is an imidazole ring in the compound of formula (I), aromatic ring derivatives of the present inven- 
tion can be synthesized according to the reaction scheme represented by formulae (I) to (x) below. 
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60 
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(23) (31) (32) 



HOOC 




(3 5) 



In formulae (I) to (x), R 5 represents a hydrogen atom or a lower alkyl group; R 6 represents a hydrogen atom, a halogen 
atom, or a phenyl group; R 7 is an aromatic-lower alkyl group; X and A are as defined above; Z is a halogen atom; Z 1 
represents a phenyl group; L represents a leaving group such as a halogen atom or the like; Ph is a phenyl group; R 
represents a protected carboxylic acid; R' is an imi no-protecting group. 

[0012] In formula (I), the compound of formula (16) can be allowed to react with the compound of formula (17) to 
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obtain the compound of formula (18). In formula (m), the imino-protecting group in the compound of formula (18) is elim- 
inated by, for example, reacting the compound of formula (19) with hydrogen chloride in alcohol, to give the compound 
of formula (1 9)- In formula (n), the compound of formula (22) can be obtained by reacting the compound of formula (20) 
with the compound of formula (21) in the presence of a base such as sodium hydride. In formula (o), the compound of 
formula (23) can be produced by subjecting the compound of formula (22) to dehalogenation by, for example, catalytic 
reduction. In formula (p), the compound of formula (24) can be obtained by reacting the compound of formula (22) with 
phenylboric acid in the presence of a metal catalyst such as tetrakis(tripheny!phosphine)palladium(0), and a base such 
as sodium carbonate. In formula (q), the compound of formula (26) can be synthesized from the compound of formula 
(25) in the same manner as in formula (I). In formula (r), the carboxy-protecting group in the compound of formula (26) 
can be eliminated by, for example, hydrolysis, to obtain the compound of formula (27). In formula (s), the compound of 
formula (28) can be produced from the compound of formula (27) in the same manner as in formula (b). In formula (t), 
the compound of formula (30) can be obtained by subjecting the compound of formula (29) to reduction reaction, such 
as catalytic reduction. 

[001 3] In formula (u), the compound of formula (32) can be obtained from the compounds of formulae (23) and (3 1 ) 
in the presence of a base such as lithium diisopropylamide, sodium amide, potassium t-butoxide, sodium methoxide, 
sodium hydroxide, or potassium hydroxide. The compound of formula (32) can be converted into the compound of for- 
mula (33) using an acid or a base. Alternatively, the hydroxyl group in the compound of formula (32) can be converted 
to a leaving group such as an acyloxy group, a methanesulfonyloxy group, a toluenesulfonyloxy group, or a trifluor- 
omethanesulfonyloxy group prior to the reaction with an acid or a base, to obtain the compound of formula (33) under 
a milder reaction condition. The compound of formula (33) can also be obtained from the compound of formula (32) by 
using a dehydration agent (formula (v)). In reaction formula (w), the carboxy-protecting group of the compound of for- 
mula (33) can be eliminated by, for example, hydrolysis to give the compound of formula (34). In formula (x), the com- 
pound of formula (35) is obtainable from the compound of formula (34) in the same manner as in formula (b). The 
compound of formula (26) can be obtained from the compound of formula (25) and the compound of formula (31) rep- 
resented by CH 3 R (R is as defined above) in the same manner as in formulae (u) and (v). 

[0014] If desired, any of the reaction intermediates formed in the above-described reaction steps can be purified, 
prior to being subjected to the next step, by conventional purification methods usually used in chemical synthesis, 
including, for example, recrystallization, column chromatography, thin-layer chromatography, high-performance liquid 
chromatography, and the like. The final product, which is the compound of the present invention, can also be purified by 
conventional methods for purifying organic compounds, including, for example, recrystallization, column chromatogra- 
phy, thin-layer chromatography, high-performance liquid chromatography, and the like. The compounds can be identi- 
fied by NMR spectrography, massspectrography, IR spectrography, elemental analysis, measurement of melting point, 
and the like. 

[001 5] Preferred embodiments of various definitions fallen within the scope of the present invention used herein are 
described in detail below. 

[0016] Unless otherwise specified, the term "lower" means 1 to 6 carbon atoms. Examples of the lower alkyl group 
include linear or branched alkyl groups such as a methyl group, an ethyl group, an n-propyl group, an i-propyl group, an 
n-butyl group, an i-butyl group, a sec-butyl group, a t-butyl group, an n-pentyl group, an i-pentyl group, a sec-pentyl 
group, a t-pentyl group, a 2-methylbutyI group, an n-hexyl group, a 1 -methylpentyl group, a 2-methylpentyl group, a 3- 
methylpentyl group, a 4-methylpentyl group, a 1-ethylbutyl group, a 2-ethylbutyl group, a 1 , 1 -dimethylbutyl group, a 2,2- 
dimethylbutyl group, a 3,3-dimethylbutyl group, a 1-ethy 1-1 -methyl propyl group, etc. An alkyl group having 1 to 3 carbon 
atoms is preferred. 

[001 7] The halogen atom includes a fluorine atom, a chlorine atom, a bromine atom, and an iodine atom. A fluorine 
atom, a chlorine atom, and a bromine atom are preferred. 

[0018] The halo-lower alkyl group means a linear or branched alkyl group having up to 8 carbon atoms, which is 
substituted with one or more halogen atoms selected from fluorine, chlorine, bromine, and iodine. A linear or branched 
alkyl group having up to 8 carbon atoms, which is substituted with one or more halogen atoms selected from fluorine, 
chlorine, and bromine is preferred. A linear or branched alkyl group having 1 to 3 carbon atoms is more preferred. 
Examples thereof include a f luoromethyl group, a difluoromethyl group, a trifluoromethyl group, a chloromethyl group, a 
dichloromethyl group, a trichloromethyl group, a bromomethyl group, a dibromomethyl group, a tribromomethyl group, 
a 1 -f luoroethyl group, a 1 -chloroethyl group, a 1 -bromoethyl group, a 2-f luoroethyl group, a 2-chloroethyl group, a 2-bro- 
moethyl group, a 1,2-dif luoroethyl group, a 1, 2 -di chloroethyl group, a 1,2-dibromoethyl group, a 2, 2,2-trif luoroethyl 
group, a heptaf luoroethyl group, a 1-fIuoropropyl group, a 1-chloropropyl group, a 1-bromopropyl group, a 2-f luoropropyl 
group, a 2-chloropropyl group, a 2-bromopropyl group, a 3-f luoropropyl group, a 3-chloropropyl group, a 3-bromopropyl 
group, a 1 ,2-dif luoropropyl group, a 1 ,2-dichloropropyl group, a 1 ,2-dibromopropyl group, a 2,3-drfluoropropyl group, a 
2,3-dichloropropyi group, a 2,3-dibromopropyl group, a 3, 3, 3 -trif luoropropyl group, a 2,2,3,3,3-pentafluoropropy! group, 
a 2-f luorobutyl group, a 2-chlorobutyl group, a 2-bromobutyl group, a 4-f luorobutyl group, a 4-chIorobutyl group, a 4-bro- 
mobutyl group, a 4,4,4-trifluorobutyl group, a 2,2,3,3,4,4,4-heptafluorobutyl group, a perfluorobutyl group, a 2-fluoro- 
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pentyl group, a 2-chIoropentyl group, a 2-bromopentyl group, a 5-fluoropentyl group, a 5-chloropentyl group, a 5- 
bromopentyl group t a perfluoropentyl group, a 2-fluorohexyl group, a 2-chlorohexyl group, a 2-bromohexyl group, a 6- 
fluorohexyl group, a 6-chIorohexyl group, a 6-bromohexyl group, a perfluorohexyl group, a 2-fluoroheptyl group, a 2- 
chloroheptyl group, a 2-bromoheptyl group, a 7-fluoroheptyl group, a 7-chIoroheptyl group, a 7-bromoheptyl group, a 
perfluorohepty! group, etc. 

[0019] The lower alkoxy group means a linear or branched alkyloxy group having up to 6 carbon atoms. Examples 
thereof include a methoxy group, an ethoxy group, an n-propyloxy group, an i-propyloxy group, an n-butyloxy group, an 

1- butyloxy group, a sec-butyl oxy group, a t-buty!oxy group, an n-pentyloxy group, an i-pentyloxy group, a sec-pentyloxy 
group, a t-pentyloxy group, a 2-methylbutoxy group, an n-hexyloxy group, an i-hexyloxy group, a t-hexyloxy group, a sec- 
hexyloxy group, a 2-methyIpentyloxy group, a 3-methylpentyloxy group, a 1-ethyIbutyloxy group, a 2-ethylbutyfoxy 
group, a 1,1-dimethylbutyloxy group, a 2,2-dimethylbutyloxy group, a 3,3-dimethylbutyloxy group, a 1 -ethyl- 1-methyIpro- 
pyloxy group, etc. Preferred are a methoxy group, an ethoxy group, an n-propyloxy group, an i-propyloxy group, an n- 
butyloxy group, an i-butyloxy group, a sec-butyloxy group, a t-butyloxy group, etc. An alkoxy group having 1 to 3 carbon 
atoms is preferred. 

[0020] The lower cycloalkyl group means a cycloalkyl group having from 3 to 7 carbon atoms and preferably 
includes a cyclopropyl group, a cyclobutyl group, a cyclopentyl group, a cyclohexyl group, a cycloheptyl group, etc. A 
cycloalkyl group having 1 to 4 carbon atoms such as a cyclopropyl group and a cyclobutyl group is more preferred. 
[0021 ] The lower alkyl-lower cycloalkyl group means a lower cycloalkyl group described above to which the above- 
described lower alkyl group is bonded. 

[0022] Preferable examples of the lower alkenyl group include linear or branched lower alkenyl groups such as an 
ethenyl group, a 1-propenyl group, a 2-propenyl group, a 1-butenyl group, a 2-butenyI group, a 3-butenyl group, a 1,3- 
butadienyl group, a 1-pentenyl group, a 2-pentenyl group, 3-pentenyl group, a 4-pentenyl group, a 1-hexenyl group, a 2- 
hexenyl group, 3-hexenyl group, 4-hexenyl group, a 5-hexenyl group, a 1,4-methylpentenyl group, etc. 
[0023] Preferable examples of the lower alkynyl group as include linear or branched lower alkynyl groups such as 
an ethynyl group, a 1 -propynyl group, a 2-propynyl group, a 1 -butynyl group, a 2-butynyl group, a 3-butynyl group, a 1 - 
pentynyl group, a 2-pentynyl group, 3-pentynyl group, a 4-pentynyi group, a 2-methyl-3-butynyl group, a 1,1-dimethyl-2- 
butynyl group, a 5-hexynyl group, etc. 

[0024] The saturated or unsaturated cross-linking group, which may be branched, means a substituent capable of 
serving as a cross-linking group, including a lower alkylene group, a lower alkenyl ene group, an oxy group, an oxy-Iower 
alkyl group, a lower alkyloxy group, a carbonyl group, a lower alkenyl group, an imino group, an imino-iower alkyl group, 
a lower alkylimino group, a thio-lower alkyl group, a lower alkylthio group, etc., which may be substituted with a lower 
alkyl group, a lower cycloalkyl group, a lower alkyl-cycloalkyl group, an aromatic-lower alkyl group, or a heterocyclic- 
lower alkyl group. A methylene group, an ethylene group, an ethenylene group, an iminomethylene group, an N-methyl- 
iminomethylene group, etc. are preferable. 

[0025] The lower alkylamino group means a linear or branched alkylamino group having up to 6 carbon atoms. 
Examples thereof includes a methylamino group, an ethylamino group, an n-propylamino group, an i-propylamino 
group, an n-butylamino group, an i-butylamino group, a sec-butylamino group, a t-butylamino group, an n-pentylamino 
group, an i-pentylamino group, a sec-pentylamino group, a t-pentylamino group, a 2-methylbutylamino group, an n-hex- 
ylamino group, a 1 -methylpentylamino group, a 2-methylpentylamino group, a 3-methylpentylamino group, a 4-methyl- 
pentylamino group, a 1 -ethylbutylamino group, a 2-ethylbutylamino group, a 3-ethylbutylamino group, a 1,1- 
dimethylbutylamino group, a 2, 2 -dim ethylbutylamino group, a 3,3-dimethylbutylamino group, a 1-ethyl-1-methylpro- 
pylamino group, etc. Preferable examples are a lower alkylamino group having 1 to 4 carbon atoms, including a meth- 
ylamino group, an ethylamino group, an n-propylamino group, an i-propylamino group, an n-butylamino group, an i- 
butylamino group, a sec-butylamino group, and a t-butylamino group 

[0026] The lower alkanesulfonyl group means a linear or branched alkanesulfonyl group whose alkyl moiety has up 
to 6 carbon atoms. Examples includes a methanesulfonyl group, an ethanesulfonyl group, a 1 -propanesulfonyl group, a 

2- propanesulfonyl group, a 1 -butanesulfonyl group, a 2-butanesulfonyl group, a 1,1-dimethylethanesulfonyl group, a 1- 
{2-methylpropane)sulfonyl group, a n-pentanesulfonyl group, a 2-pentanesulfonyl group, a 3-pentanesulfonyl group, a 
1-(3-methylbutane)sulfonyl group, a 1,1-dimethylpropanesulfonyl group, a 1-hexanesulfonyl group, a 2-hexanesulfonyl 
group, a 3-hexanesulfonyl group, a 1-(2-methylpentane)sulfonyl group, a 1 -(3-methylpentane)suIfonyl group, a 1-(4- 
methylpentane)sulfonyl group, a 2-ethylbuthanesulfonyl group, a 3-ethylbutanesulfonyl group, a 1,1-dimethylbutanesul- 
fonyl group, a 2,2-dimethylbutanesutfonyl group, a 3,3-dimethylbutanensulfonyl group, a 1-ethyM-methyIpropanesulfo- 
nyl group, etc. An alkylsulfonyl group having 1 to 4 carbon atoms is preferred. 

[0027] The 5- or 6-membered aromatic group is an aromatic group including, for example, a cyclopentadienyl 
group, a pyrrolyl group, a pyrazolyl group, an imidazolyl group, a phenyl group, a pyridyl group, a pyrimidinyl group, a 
pyridazinyi group, an furyl group, a pyranyl group, a triazoiyl group, a tetrazolyl group, a thiophenyl group, etc. 
[0028] The aromatic group means an aryl group or a heterocyclic aromatic group. The aryl group used herein 
means that having 6 to 10 carbon atoms. Examples thereof include a phenyl group, a naphthyl group, etc., and the term 
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"naphthyl" used herein includes a 1-naphthy( group and a 2-naphthy( group. The heterocyclic aromatic ring means an 
unsaturated mono- or polycyclic hetero ring containing at least one hetero atom such as an oxygen atom, a sulfur atom, 
or a nitrogen atom. Examples of the heterocyclic aromatic ring include a pyrrolyl group, an imidazoiyl group, a furyl 
group, a thienyl group, a thiazolyi group, a pyridyl group, a benzimidazolyl group, a benzofuryl group, an indolyl group, 
a benzothienyl group, a quinolyl group, an isoquinolyl group, a thiophenyl group, a furanyl group, etc. It may contain any 
substituents of the above-mentioned groups such as a halogen atom, a lower alkyl group, a cyano group, a nitro group, 
a trifluoromethyl group, a phenyl group, a halophenyl group, a heterocyclic group, a halo-heterocyclic group, etc. on its 
benzene or naphthalene ring. The position of the hetero atom in the aromatic ring is not particularly limited. 
[0029] The aromatic-lower alkyl group means the above-described lower alkyl group bonded to the aromatic group 
described above. Examples thereof include a benzyl group, a 1-phenylethyl group, a 2-phenylethyl group, a phenylpro- 
pyl group, a phenylbutyl group, a phenyipentyl group, a phenylhexyi group, a naphthylmethyl group, a naphthylethyl 
group, a naphthylpropyl group, a naphthylbutyl group, a naphthylpentyl group, a naphthylhexyl group, a pyridyl methyl 
group, a pyridylethyl group, a quinolylmethyl group, isoquinolylmethyl group, a furanylmethyl group, etc., which may 
have one or more substituents on its aromatic ring; the substituents are the same as those described for the aromatic 
group. 

[0030] The aromatic-sulfonyl group includes sulfonyl groups bonded to the above-described aromatic ring. Exam- 
pies are a benzenesulfonyl group, a toluenesulfonyl group, naphthalenesulfonyl group, etc. 

[0031] The heterocyclic group includes, for example, a pyridyl group, a quinolyl group, an isoquinolyl group, a thia- 
zolyi group, a thiadiazolyl group, a benzofuranyl group, a dibenzofuranyl group, a thianaphthaienyl group, a 1 H-1 ,2,3- 
triazolyl group, a 1,2,4-triazoiyl group, a tetrazolyl group, a furyl group, a thienyl group, a pyrrolyl group, an imidazoiyl 
group, a pyrimidinyl group, an indolyl group, a benzimidazolyl group, etc. These heterocyclic group may optionally be 
substituted by one or more substituents including halogen atoms and lower alkyl groups as those described above, and 
the substituted heterocyclic group includes, for example, a haloisoquinolyl group and a methyl isoquinolyl group. 
[0032] The halo-heterocyclic group means the above-described heterocyclic group bonded to the halogen atom 
described above. 

[0033] The heterocyclic lower alkyl group means a lower alkyl group described above substituted by a heterocyclic 
group described above, including a pyridylmethyl group, etc. The halo-heterocyclic lower alkyl group is a heterocyclic 
lower alkyl group described above whose heterocyclic moiety is substituted with one or more halogens. 
[0034] The term "pyridyl" used herein includes 2 -pyridyl, 3 -pyridyl, and 4-pyridyl, and its bonding position is not par- 
ticularly limited. The bonding positions of the other heterocyclic groups are not also particularly limited. 
[0035] A suitable heterocyclic group means a saturated or unsaturated mono- or polycyclic hetero ring containing 
at least one hetero atom such as an oxygen atom, a sulfur atom, a nitrogen atom, etc. 
[0036] More preferable examples thereof include the following heterocyclic groups: 

7- to f 2-membered, preferably 9- or 10-membered unsaturated condensed heterocyclic group (preferably bicyclic 
group) having 1 to 5 nitrogen atoms, such as indolyl, isoindolyl, indolidinyl, benzimidazolyl, quinolyl, isoquinolyl, 
indazoiyl, benzotriazolyl, tetrazolopyridyl, tetrazolopyridazinyl (e.g. tetrazolo[1,5-b]pyridazinyl, etc.), dihydrotriazol- 
opyridazinyl, or the like; 

7- to 1 2-membered, preferably 9- or 10-membered unsaturated condensed heterocyclic group (preferably bicyclic 
group) having 1 to 3 sulfur atoms or S,S-dioxide thereof, such as dithianaphthalenyl (e.g. 4H-1,3-dithianaphthale- 
nyl, 1 ,4-dithianaphthalenyl, etc.), benzothiophenyl or S,S-dioxide thereof (e.g. benzo[a]thiophenyl or S,S-dioxide 
thereof, benzo[b]thiophenyl or S,S-dioxide thereof, etc.), or the like; 

3- to 8-membered, preferably 5- or 6-membered unsaturated hetero monocyclic group having 1 to 4 nitrogen 

atoms, such as pyrrolyl, pyrrolinyl, imidazoiyl, pyrazolyl, pyridyl and its N-oxide, pyrimidyl, pyrazinyl, pyridazinyl, tri- 

azolyl (e.g. 4H-1,2,4-triazolyi, 1H-1,2,3-triazolyl, 2H-1 ,2,3-triazolyl, etc.), tetrazolyl (e.g., 1 H-tetrazolyl, 2H-tetra- 

zolyl, etc.), dihydrotriazinyl (e.g. 4,5-dihydro-1,2,4-triazinyl, 2,5-dihydro-1,2,4-triazinyl, etc.). or the like; 

3- to 8-membered, preferably 5- or 6-membered saturated hetero monocyclic group having 1 to 4 nitrogen atoms, 

such as azetydinyl, pyrrolidinyl, imidazolydinyl, piperidinyl, pyrazolydinyl, piperadinyl, or the like; 

7- to 1 2-membered, preferably 9- or 10-membered unsaturated condensed heterocyclic group (preferably bicyclic 

group) having 1 to 2 oxygen atoms and 1 to 3 nitrogen atoms, such as benzoxazolyl, benzoxadiazolyl, or the like; 

3- to 8-membered, preferably 5- or 6-membered unsaturated hetero monocyclic group having 1 to 2 oxygen atoms 

and 1 to 3 nitrogen atoms, such as oxazolyl, isooxazolyl, oxadiazolyl (e.g. 1 ,2,4-oxadiazolyl, 1 ,3,4-oxadiazolyl, 

1 ,2,5-oxadiazolyl, etc.), or the like; 

3- to 8-membered, preferably 5- or 6-membered saturated hetero monocyclic group having 1 to 2 oxygen atoms 
and 1 to 3 nitrogen atoms, such as morpholinyl or the like; 

7- to 1 2-membered, preferably 9- or 10-membered unsaturated condensed heterocyclic group (preferably bicyclic 
group) having 1 to 2 sulfur atoms and 1 to 3 nitrogen atoms, such as benzothiazolyl, benzothiadiazolyl, or the like; 
3- to 8-membered, preferably 5- or 6-membered unsaturated hetero monocyclic group having 1 to 2 sulfur atoms 
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and 1 to 3 nitrogen atoms, such as thiazolyl, 1 ,2-thiazolyl, thiadiazolyi (e.g., 1 ,2,4-thiadiazolyl, 1,3, 4-th iadiazolyl, 
1,2,5-thiadiazolyl, 1,2,3-thiadiazoiyl, etc.), or the like; 

3- to 8-membered, preferably 5- or 6-membered saturated hetero monocyclic group having 1 to 2 sulfur atoms and 
1 to 3 nitrogen atoms, such as thiazolydinyi, or the like; 

3- to 8-membered, preferably 5- or 6-membered unsaturated hetero monocyclic group having one sulfur atom, 
such as thienyl, or the like. 

[0037] Suitable "esterified carboxyl groups" are exemplified below. 

[0038] The suitable ester portion of the esterified carboxyl group includes a lower alkyl ester ( e.g., methyl ester, 
ethyl ester, propyl ester, isopropyl ester, butyl ester, isobutyl ester, tertiary butyl ester, perrtyl ester, hexyl ester, etc.), 
which may have at least one appropriate substituent. Examples of the substituted lower alkyl ester includes a lower 
alkanoyloxy(lower)alkyl ester (e.g., acetoxymethyl ester, propionyloxymethyl ester, butyryloxymethyl ester, valeryl- 
oxymethyl ester, pivaloyloxymethyl ester, hexanoyloxy methyl ester, 1-(or2-)acetoxyethyl ester, 1-(2-, or 3-)acetoxypro- 
pyl ester, 1-(2-, 3- or 4-)acetoxybutyl ester, 1 -(or 2-)propionyloxyethyl ester, 1-(2-, or 3-)propionyloxypropyl ester, 1-(or 
2-)butyryioxyethyl ester, 1(or2-)isobutyryloxyethyl ester, 1 -(or 2-)pivaloyloxyethyl ester, 1 -(or 2-)hexanoyloxyethyl ester, 
isobutyryloxy methyl ester, 2-ethylbutyryloxymethyl ester, 3,3-dimethylbutyryloxymethyl ester, 1 -(or 2-)pentanoyloxye- 
thyl ester, etc.), a lower alkanesulfonyl(lower)alkyI ester (e.g., 2-mesyIethyl ester, etc.), a mono(di or tri)halo(lower)alkyl 
ester (e.g., 2-iodoethyl ester, 2,2,2-trichloroethyI ester, etc.), a lower alkoxycarbonyloxy(lower) alkyl ester (e.g., methox- 
ycarbonyloxymethyl ester, ethoxycarbonyloxymethyl ester, propoxycarbonyloxymethyl ester, tertiarybutoxycarbony- 
loxymethy! ester, 1-(or 2-)methoxycarbonyloxyethyl ester, 1-(or 2-)ethoxycarbonyloxyethyl ester, or 1-(or 2- 
)isopropoxycarbonyloxyethyl ester, etc.), a phthalizilidene(lower)alkyl ester, and a (5-lower alkyI-2-oxo-1 ,3-dioxol-4-yl) 
(lower)alkyl ester (e.g., (5-methyl-2-oxo-1,3-dioxol-4-yl)methyl ester, (5-ethyl-2-oxo-1,3-dioxoI-4-yl)methyl ester, (5-pro- 
pyl-2-oxo-1 ,3-dioxol-4-yl) ethyl ester, etc.). Other examples of the ester portion include a lower alkenyl ester (e.g., vinyl 
ester , allyl ester, etc.); a lower alkynyl ester (e.g., ethynyl ester, propinyl ester, etc.); an ar(lower) alkyl ester which may 
have at least one appropriate substituent (e.g., benzyl ester, 4-methoxybenzy! ester, 4-nitrobenzyl ester, phenethyl 
ester, trityl ester, benzhydryl ester, bis(methoxyphenyl)methyl ester, 3,4-dimethoxybenzyl ester, 4-hydroxy-3,5-di-terti- 
ary-butylbenzyl ester, etc.); an aromatic ester which may have at least one appropriate substituent (e.g., phenyl ester, 
4-chforophenyi ester, tolyl ester, tertiary-butylphenyl ester, xylyl ester, mesityl ester, cumenyl ester, etc.); a phthalidyl 
ester; etc. 

[0039] Preferable examples of the carboxyl group protected by esterification include lower alkoxycarbonyl and phe- 
nyl(or nitrophenyl)(C-|-C4)alkoxycarbonyl. Methoxycarbonyl, ethoxycarbonyl, and benzyloxycarbonyl are most pre- 
ferred. 

[0040] Suitable amidated carboxyl groups include the following: 
a carbamoyl group; 

a mono- or di-lower alkyl carbamoyl group (examples of the lower alkyl group are described above) (e.g., methyl- 
carbamoyl, dimethylcarbamoyl, isopropylcarbamoyi, n-butylcarbamoyl, t-butylcarbamoyl, N-methyl-N-(pyridylme- 
thyl)carbamoyl, etc.); 

an aryl(lower alkyl)carbamoyl group (examples of the aryl group and the lower alkyl group are described above) 
(e.g., benzylcarbamoyl, 3,4-methylenedioxybenzylcarbamoyl, diaminobenzylcarbamoyl, phenethylcarbamoyl, 
etc.); 

a cyclo(lower alkyl) carbamoyl group having 3 to 7 carbon atoms (examples of the cyclo lower alkyl group are 
described above ) (e.g., eye! opropy (carbamoyl, cyclobutylcarbamoyl, cyclopentylcarbamoyl, cyclohexylcarbamoyl, 
etc.); 

an arylcarbamoyl group (examples of the aryl group are described above) (e.g., phenylcarbamoyl, naphthylcar- 
bamoyl, etc.); 

a heterocyclic carbamoyl group (examples of the heterocyclic group are described above) (e.g., thiazolylcarbamoyl, 
thiadiazolylcarbamoyl, pyridylcarbamoyl, triazolylcarbamoyl, tetrazolylcarbamoyl, N-methyl-N-pyridinecarbamoyl, 
morpholinocarbamoyl, etc.); 

a heterocyc!ic(lower alkyl)carbamoyl group (examples of the heterocyclic lower alkyl group are described above) 
(e.g., morpholinoethylcarbamoyl, pyridylmethylcarbamoyl, methylenedioxyberizylcarbamoyl, etc,); 
an N-di-substituted carbamoyl group which contains a nitrogen atom as a member of a nitrogen-containing hetero- 
cyclic ring (e.g., morpholinocarbonyl, thiomorpholinocarbonyl, 1 -perhydroazepinylcarbonyl, 1,1-diaxothiazolydine- 
carbonyl, piperidinocarbonyl, 1-piperazinylcarbonyl, 4-(2-hydroxyethyl)-1-piperazinylcarbonyl, 4-methyM- 
piperazinyicarbonyl, carboxypyrrolidinocarbonyl, etc.); a substituted sulfonylcarbomoyl group; etc. 

[0041 ] The substituent of the substituted sutfonylcarbamoyl group includes the above-described groups such as the 
alkyl group having carbon atoms up to 20, the alkenyl group, the halo lower alkyl group, the aryl lower alkyl group, the 
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hydroxy-lower alkyl group, the tri(lower alkyl)silyl(lower alky*) group, the lower alkoxy-lower alkyl group, the lower 
alkylthio-lower alkyl group, the heterocyclic group, the aryl group, and the like. The aryl group may be substituted with 
the above-described halogen atom, the lower alkyl group, the halo lower alkyl group, the lower alkoxy group, the nitro 
group, or the like. Specific examples of the substituted sulfonylcarbamoyl group include naphthalenesulfonylcarbamoyi, 
benzenesulfonylcarbamoyl, nitrobenzenesulfonylcarbamoyl, trihalobenzenesulfonylcarbamoyl, lower alkoxybenze- 
nesulfonylcarbamoyl, halobenzenesulfonylcarbamoyl, mono- or di-(lower alkyl)benzenesulfonylcarbamoyl, alkanesulfo- 
nylcarbamoyl having 1 to 20 carbon atoms (e.g., 2,2-dimethylethanesulfonylcarbamoyl, butanesulfonylcarbamoyl, 
propanesulfonylcarbamoyl, isopropanesulfonylcarbamoyl, ethanesulfonylcarbamoyl, methanesulfonylcarbamoyl, 
octanesulfonylcarbamoyl, pentanesulfonylcarbamoyl, isopentanesulfonylcarbamoyl, hexanesulfonylcarbamoyl, etc.), 
trihalo(lower)a!kanesuifonylcarbamoyl (e.g., trifluoromethanesulfonylcarbamoyl, etc.), phenyl(lower)alkanesulfonylcar- 
bamoyl, tri(lower)alkanesulfonylcarbamoyl, lower alkylthio(lower) alkanesulfonylcarbamoyl, lower 
alkoxy(lower)alkanesulfonylcarbamoyl, quinolinesulfonylcarbamoyl, hydroxy(tower)alkanesulfonylcarbamoyl (e.g., 2- 
hydroxybutanesuifonyl carbamoyl, 3-hydroxybutanesulfonylcarbamoyl, 2-hydroxypentanesulfonylcarbamoyl, etc.), alke- 
nesulfonylcarbamoyl (e.g., ethenesulfonycarbamoyl, 1 -pentenesulfbnylcarbamoyl, etc.), and heterocyclic sulfonylcar- 
bamoyl (e.g., 2-thiophenesulfonylcarbamoyl, 8-quinolinesufonylcarbamoyl, etc.). 

[0042] The acylamino group means an amino group bonded to an acyl group. Preferred examples of the acyl moi- 
ety include an aliphatic acyl group, an aromatic acyl group, a heterocyclic acyl group, and an aliphatic acyl group sub- 
stituted with an aromatic group or a heterocyclic group. These are derived from an acid such as carboxyiic acid, 
carbonic acid, sulfonic acid carbamic acid, etc. 

[0043] Examples of this aliphatic acyl include a saturated or unsaturated, cyclic or non-cyclic aliphatic acyi group, 
including alkanoyl including lower alkanoyl (e.g., formyl, acetyl, propionyl, butyryl, isobutyryl, valeryl, isovaleryl pivaloyl, 
hexanoyl, etc.); alkanesufonyl including lower alkanesulfonyl (e.g., mesyl, ethanesufonyl, propanesulfonyl, isopro- 
panesulfonyl, butanesulfonyl, isobutanesulfonyl, n-pentanesulfbnyl, hexanesulfonyl, etc.); carbamoyl; N-alkylcarbamoyl 
(e.g., methylcarbamoyl, ethylcarbamoyl, etc.); alkoxycarbonyl including lower alkoxycarbonyl (e.g., methoxycarbonyl, 
ethoxycarbonyl, propoxycarbonyl, butoxycarbonyl, tertiary butoxycarbonyl, etc.); alkenyloxycarbonyl including lower 
alkenyloxycarbonyl (e.g., vinyloxycarbonyl, allyloxycarbonyl, etc.); alkenoyl including lower alkenoyl (e.g., acryloyl, 
methacryloyl, crotonoyl, etc.); cycloloalkanecarbonyl including cyclo(lower)alkanecarbonyl (e.g., cyclopropanecarbonyl, 
cyclopentanecarbonyl, cyclohexanecarbonyl, etc.). 

[0044] Examples of the aromatic acyl include C 6 -C 10 aroyl (e.g. benzoyl, toluoyl, xyloyl, etc.), N-(C 6 -C 10 )aromatic- 
carbamoyl (e.g., N-phenylcarbamoyl, N-tolyl carbamoyl, N-naphthylcarbamoyl, etc.), C 6 -C 10 arenesulfonyl (e.g., benze- 1 
nesulfonyl, tosyl, etc.), and the like. 

[0045] Examples of the heterocyclic acyl include heterocyclic carbonyl, heterocyclic(lower)alkanoyl (e.g., heterocy- 
clic acetyl, heterocyclic propanoyl, heterocyclic butanoyl, heterocyclic pentanoyl, heterocyclic hexanoyl, etc.), heierocy- 
clic(lower)alkenoyl (e.g., heterocyclic propenoyl, heterocyclic butenoyl, heterocyclic pentenoyl, heterocyclic hexenoyl, 
etc.), heterocyclic glyoxyloyl, heterocyclic sulfinyl, heterocyclic sulfonyl, etc. 

[0046] The aliphatic acyl substituted with aromatic groups includes aralkoxycarbonyl such as phenyl (lower)alkoxy- 
carbonyl (e.g., benzyloxycarbonyl, phenethyloxycarbonyl, etc.). 

[0047] These acyl groups may be substituted with one or more appropriate substituents, such as a nitro group. An 
example of preferable acyl is nitroaralkoxycarbonyl (e.g., nitrobenzyloxycarbonyl, etc.). 

[0048] Preferred salts of the aromatic ring derivatives of the present invention are non-toxic, usually used pharma- 
ceutical^ acceptable salts. Examples thereof include salts with inorganic bases such as salts with alkaline metals (e.g., 
sodium, potassium), alkaline earth metals (e.g., calcium, magnesium), ammonium, etc.; salts with organic amines (e.g., 
triethylamine, pyridine, picoline, ethanolamine, triethanolamine, dicyciohexylamine, N.N'-dibenzylethylenediamine, 
etc.); salts with inorganic acids (e.g., hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric acid, etc.); salts with 
organic carboxyiic acids (e.g., formic acid, acetic acid, trifluoroacetic acid, maleic acid, tartaric acid, etc.); salts with sul- 
fonic acids (e.g., methanesulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid, etc.); salts with bases as well as 
acid-addition salts with basic or acidic amino acids (e.g., arginine, aspartic acid, glutamic acid, etc.); etc. 
[0049] The compounds of the present invention can contain one or more chiral centers and can thus be enantiom- 
ers or diastereomers, Some of the compounds containing the alkenyl group can be cis-or trans- isomers, Jn both cases, 
the respective isomers and their mixtures are within the scope of this invention. 

[0050] The compounds of the present invention can also exist as tautomers, and individual of such tautmers and 
the mixture thereof are within the scope of this invention. 

[0051 ] The compounds of the present invention and their salts can be solvates, which are also within the invention. 
A preferable solvent for the solvates is water or ethanol. 

[0052] Specific examples of the aromatic ring derivatives of formula (III) include N-(n-pentanesuIfonyl)-4-amino-3- 
(2,4-dichIorobenzy!amino)benzamide, 4-amino-3-(N-methyl-2,4-dichlorobenzylamino)-(N-(n-pentanesulfonyl))benza- 
mide, 4-(acetylamino)-3-((N-methyl)-2,4-dichlorobenzylamino)-(N-(n-pentanesulfonyl))benzamide, etc. 
[0053] Specific examples of the aromatic ring derivatives of formula (IV) include (E)-N-(n-pentanesulfonyl)-2-(4- 
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phenylphenyl)ethenylpyridine-4-carboxyamide, etc. 

[0054] Specific examples of the aromatic ring derivatives of formula (V) include (E)-3-(4-bromo-1 -(2,4-dichloroben- 
zyl)-2-methyIimidazol-5-yl)-N-(n-pentanesulfonyl)-2-propenamide, (E)-3-(1-(2,4-dichlorobenzyl)-2-methylHmidazol-5- 
yl)-N-(n-pentanesulfonyl)-2-propenamide, (E)-3-(4-chloro-1-(2 t 4-dichlorobenzyl)-2-methyIimida2ol-5-yl)-N-(n-pen- 
tanesulfonyI)-2-propenamide, (E)-3-(4-chloro-1-(2,4-dichlorobenzyl)-2-methyIimidazoI-5-yl)-N-benzene-sulfonyl-2-pro- 
penamide, (E)-3-(1-(2,4-dichlorobenzyl)-2-methyl-4-phenylim^ (E)-3- 
(1-(2,4<(ichlorobenzyI)-2-methyl-4-phenylimidazol-5-yi)-N-benzenesulfonyl-2-propenarnide, (E)-3-(1-(2,4-dicbloroben- 
zyl)-2-methylimidazol-4-yl))-N-(n-pentanesulfonyl)-2-propenamide, (E)-3-(1-(2 l 4-dichlorobenzyl)-2-methylimidazol-5- 
yl)-N-(n-pentanesuIfonyl)-2-((thiophen-2-yl)methyl)-2-propenamide, (E)-2-benzyl-3-(1-(2,4-dichlorobenzyl)-2-methylim- 
idazol-5-yl)-N-(n-pentanesulfonyl)-2-propenamide, etc. 

[0055] Specific examples of the aromatic ring derivatives of formula (VI) include 3-(1-(2,4-clichlorobenzyl)-2-meth- 
ylimidazol-5-yl)-N-(n-pentanesulfonyI) propionamide, (E)-3-(1-(2,4-dichlorobenzyl)-2-methylimidazol-4-yl))-N-(n-pen- 
tanesulfonyl) propionamide, etc. 

[0056] The aromatic ring derivatives and their pharmaceutical^ acceptable salts of the present invention are effec- 
tive for preventing and treating various disorders such as impaired glucose tolerance, diabetes (type II diabetes), dia- 
betic complications (e.g., diabetic gangrene, diabetic arthropathy, diabetic osteopenia, diabetic glomerulosclerosis, 
diabetic nephropathy, diabetic dermatopathy, diabetic neuropathy, diabetic cataract, diabetic retinopathy, etc.), syn- 
drome of insulin resistance (e.g., insulin receptor disorders, Rabson-Mendenhall syndrome, ieprechaunism, Kobber- 
ling-Dunnigan syndrome, Seip syndrome, Lawrence syndrome, Cushing syndrome, acromegaly, etc.), polycystic ovary 
syndrome, hyperiipidemia, atherosclerosis, cardiovascular disorders (e.g., stenocardia, cardiac failure, etc.), hypergly- 
cemia (e.g., those characterized by abnormal saccharometabolism such as feeding disorders, etc.), and hypertension, 
based on their blood sugar level-depressing activity; stenocardia, hypertension, pulmonary hypertension, congestive 
heart failure, glomerulopathy (e.g., diabetic glomerulosclerosis, etc.), tubulointerstitial disorders (e.g., Tenopathy 
induced by FK506, cyclosporin, etc.), renal failure, atherosclerosis, angiostenosis (e.g., after percutaneous arterio- 
plasty), distal angiopathy, cerebral apoplexy, chronic reversible obstructions (e.g„ bronchitis, asthma (chronic asthma, 
allergic asthma), etc.), autoimmune diseases, allergic rhinitis, urticaria, glaucoma, diseases characterized by entero- 
motility disorders (e.g., hypersensitive enteropathy syndrome, etc.), impotence (e.g., organic impotence, psychic impo- 
tence, etc.), and diabetic complications (e.g., diabetic gangrene, diabetic arthropathy, diabetic osteopenia, diabetic 
glomerulosclerosis, diabetic nephropathy, diabetic dermatopathy, diabetic neuropathy, diabetic cataract, diabetic retin- 
opathy, etc), nephritis, cachexia (e.g., progressive weight loss due to lipolysis, myolysis, anemia, edema, anorexia etc., 
in chronic diseases including cancer, tuberculosis, endocrinopathy, AIDS, etc.), pancreatitis, and restenosis after 
PTCA, based on their cGMP-PDE (especially PDE-V)-inhibiting activity, smooth muscle relaxing activity, bronchodilat- 
ing activity, vasodilating activity, smooth muscle cell suppressing activity, antiallergic activity, and the like. 
[0057] The aromatic ring derivatives of the present invention can be formulated into conventional dosage forms for 
pharmaceutical compositions as an active ingredient together with pharmaceutical^ acceptable carriers, such as 
organic or inorganic solid or liquid vehicles, suitable for oral administration, parenteral administration or external appli- 
cation to be used for treating diseases or disorders as described above. The pharmaceutical compositions can be of 
any solid form such as tablets, granules, powders, capsules, etc., or of any liquid form such as solutions, suspensions, 
syrups, emulsions, lemonades, etc. 

[0058] If desired, the pharmaceutical compositions can further contain an auxiliary, a stabilizer, a wetting agent, 
and other usually used additives such as lactose, citric acid, tartaric acid, stearic acid, magnesium stearate, terra alba, 
sucrose, corn starch, talc, gelatin, agar, pectin, peanut oil, olive oil, cacao butter, ethylene glycol, etc. 
[0059] The dose of the derivative of the present may vary depending on the age and the condition of patients, the 
type and the condition of diseases, and the type of the derivative to be used. In general, the derivative is administered 
to a patient at a dose of from 1 to 100 mg/kg for oral administration and from 0.1 to 10 mg/kg for intramuscular injection 
or intravenous injection, once to four times a day. 

Brief Description of the Drawings 

[0060] 

Figure 1 shows chemical formulae of compounds (31) to (36). 
Figure 2 shows chemical formulae of compounds (37) to (43). 
Figure 3 shows chemical formulae of compounds (44) and (45). 
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Best Mode for Carrying out the Invention 
Production Example 1 

Production of N-(n-pentanesulfonvn-3-(acetylamino)-4-nitrobenzamide 

[0061] N.N'-carbonyldiimidazole (65.09 g) was added all at once to a solution (200 ml) of N,N-dimethylformamide 
containing 3-acetyiamino-4-nitrobenzoic acid (60.22 g), and the reaction mixture was stirred at room temperature for 1 
hour. 1-pentanesulfonamide (60.72 g) and 1 ,8-diazabicycle[5.4.0] undec-7-ene (61.12 g) were added thereto, and the 
mixture was stirred at 1 00°C for 1 6 hours. The solvent was evaporated at 90°C under reduced pressure using a vacuum 
pump. Chloroform and water were added to the resulting residue, and the pH of the aqueous layer was adjusted to 4 
with diluted hydrochloric acid with stirring. The organic layer was separated, dried over sodium sulfate, and then con- 
centrated to yield partially purified N-(n-pentanesulfonyl)-3-(acetylamino)-4-nitrobenzamide. The product was used 
immediately in the next reaction step. 

Production Example 2 

Production of N-m-pentanesutfonvlV3-amino-4-nitrobenzamide 

[0062] The above partially purified product of N-(n-pentanesu)fonyl)-3-(acetylamino)-4-nitrobenzamide was mixed 
with 300 mt of water and 500 ml of ethanol. Two-hundred grams of a 10%-sodium hydroxide aqueous solution were 
added thereto, and the mixture was stirred at 45 to 50°C for 6 hours. The solvent (approx. 300 ml) was evaporated under 
reduced pressure. The resulting residue was neutralized with 10% hydrochloric acid aqueous solution and adjusted to 
pH 2 with diluted hydrochloric acid. The precipitated crystals were collected by filtration and dried to give 85.0 g of yel- 
low crystals of N-(n-pentanesulfonyl)-3-amino-4-nitrobenzamide. 

Properties of the compound: 

[0063] 

1 H-NMR (DMSO-d6, 8 ppm): 0.84(3H, t, J=7.5Hz), 1.27(2H, m), 1.36(2H, m), 1.68(214, m), 3.48(2H t t, J=6.0Hz), 
6.99(1 H, dd, J=1.5 and 9.0Hz), 7.40-7.60(2H, brs), 7.50(1 H, d, J=1 .5Hz), 8.03(1 H, d, J«9.0Hz), 12.0-13.0(1 H, brs). 

Production Example 3 

Production of N-(n-pentanesulfonvlV3-(2.4 dichlorobenzylamino)-4-nitrobenzamide 

[0064] N-(n-pentanesu)fonyl)-3-amino-4-nitrobenzamide (85.0 g) was mixed with 2,4-dichrolobenzyJ chloride 
(105.4 g), sodium iodide (20.0 g), potassium carbonate (1 13.3 g), and methanol (120 ml). The mixture was stirred at 
60°C for 24 hours. After 105.4 g of 2,4-dichlorobenzyl chloride was added, the mixture was stirred at 60°C for another 
24 hour. Another 105.4 g of 2,4-dichlorobenzyl chloride was added, and the mixture was continued to be stirred at 60°C 
for 30 hours. The mixture was then cooled down, and 500 ml of ethyl acetate and 500 ml of a saturated sodium hydro- 
gen aqueous solution with carbonate were added to the mixture. The mixed solution was stirred, and the resulting crys- 
tals precipitated were filtrated. The filtrate was separated into aqueous and organic layers, and the organic layer was 
concentrated to yield crystals. All the crystals were combined together, and washed with water and ethyl acetate to give 
66.6 g of orange crystals of N-(n-pentanesu(fonyl)-3-(2,4-dichlorobenzyJamino)-4-nitrobenzamide. 

Properties of the compound: 

[0065] 

1 H-NMR (DMSO-d6, 6 ppm): 0.84(3H, t, J=7.5Hz), 1 .15-1 .30(4H, m), 1 .40-1.60(2H, m), 2.94(2H, t, J=7.5Hz),4.66 
(2H, d, J=6.0Hz),7.22(1H, dd, J=1.5 and 8.5Hz), 7.27(1 H, d, J=1.5Hz), 7.30(1 H, d, J*8.5Hz), 7.37(1 H, dd, J=2.0 
and 8.5Hz), 7.65(1 H, d, J=2.0Hz), 8.04(1 H, d, J=8.5Hz), 8.58(1 H, t, J=6.0Hz), 11. 32(1 H, brs). 
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Example 1 

Synthesis of N-(n-pentanesulfonvlV4-amino-3-f2.4-dichlorobenzvlamino^benzamide (31) 

5 [0066] N-(n-pentanesulfonyl)-3-(2,4<lichloroben2ylamino)-4-nitrobenzamrde (38.9 g) was mixed with 200 ml of tet- 
rahydrofuran, 200 ml of ethanol and 800 ml of water. Sodium hydrosulfite (21 4.2 g) was added all at once to the mixture 
with stirring. Immediately, the mixture was placed on an oil bath at 90°C and ref luxed for 40 minutes. The mixture was 
then cooled down and separated into aqueous and organic layers. The organic layer was concentrated, and water was 
added to the resulting residue. The precipitate thus formed was separated by filtration, and washed subsequently with 

10 water and ethyl acetate. Ethanol (520 m!) was added to the resulting solid, and the mixture was ref luxed at 100°C to 
dissolve the solid completely. Water (230 ml) was added to the heated solution, and the mixture was cooled with stirring 
for 1 hour. The resulting crystals were separated through filtration, washed with a solution of ethanol/water (7:3) and 
dried to give pale-yellow crystals (19.9 g) of N-(n-pentanesulfonyl)-4-amino-3-(2,4<lichlorobenzylamino)benzamide 
(31). 

15 

Properties of compound (31): 
[0067] 

so 1 H-NMR(DMSO-d6, 5 ppm): 0.8 1(3H, t, J=7.3Hz), 1.24(2H, m), 1.32{2H, m), 1.62(2H, m), 3,40(2H, m), 4.38(2H, d, 

J=5.8Hz), 5.32(1 H, t, J=5,8Hz), 5.59(2H, brs), 6.56(1 H, d, J=8.2Hz), 6.85(1 H, d, J=1 -8Hz), 7.20(1 H, dd, J=8.2 and 
1.8Hz), 7.36(1 H, d, J=8.5Hz), 7.39(1 H, dd, J=8.5 and 2.1Hz), 7.63(1 H, d, J-1.8HZ), 11. 32(1 H, brs). 
IR(Nujol): 1661cm" 1 . 
mp: 180-182°C. 

25 

Production Example 4 

Production of 3-(N-methvl-2.4-dichlorobenzvlaminoV4-nitrobenzoic acid 

30 [0068] A solution of 10 ml N,N-dimethylformamide containing 3-fluoro-4-nitrobenzoic acid (1.00 g), N-methyl-2,4- 
dichlorobenzylamine (1.54 g) and sodium carbonate (1.15 g) was stirred at 100°C for 14 hours. The reaction mixture 
was extracted using water and ethyl acetate with stirring. The organic layer was separated and concentrated, and then 
methanol was added to the resulting residue. After remova) of an insoluble material, the solvent was evaporated. The 
resulting residue was purified by silica-get column chromatography to give 0.85 g of 3-(N-methyl-2,4-dichloroben- 

35 zylamino)-4-nitrobenzoic acid. 

Properties of the compound: 
[0069] 

40 

1 H-NMR(DMSO-d6, 8 ppm): 2.75(3H, s), 4.42(2H, s), 7.39(1 H, d, J=8.4Hz), 7.43(1 H, dd, J=8.4 and 2.0Hz), 
7.46(1 H, dd, J=8.4and 1.4Hz), 7.63(1 H, d p J^.OHz), 7.68(1 H, d, J=1.4Hz), 7.77(1 H, d, J=8.4Hz). 

Production Example 5 

45 

Production of N-(n-pentanesulfonvlV3-(N-methy-2.4-dichlorobenzylamino)-4-nitrobenzamide 

[0070] N,N'-carbonyldiimidazole (0.776 g) was added to a mixture of 0.85 g of 3-(N-methyl-2,4-dichloroben- 
zylamino)-4-nitrobenzoic acid and 10 ml N,N-dimethylformamide at room temperature, and the mixture was stirred for 

so 1 hour. 1 -Pentanesulfonamide (0.724 g) and 1,8-diazabicyclo[5.4.0]undec-7-ene (0.729 g) were then added thereto, 
and the resulting mixture was stirred at 100°C for 21 hours. The mixture was concentrated, and the resulting residue 
was dissolved in ethyl acetate. The organic layer was washed with water, concentrated, and purified by silica-gel col- 
umn chromatography (eluent: a mixture of hexane and ethyl acetate at a ratio of 1 :1 to 0:1). The desired fractions were 
collected and concentrated. The concentrate was re-dissolved in ethyl acetate, washed twice with diluted hydrochloric 

55 acid and subsequently with a solution of sodium hydrogen carbonate. The organic layer was dried and concentrated to 
give 0.605 g of N-(n-pentanesulfonyl)-3-(N"methy-2,4-dichlorobenzylamino)-4-nitrobenzamide. This product was used 
immediately in the next reaction step. 



19 



EP 1 000 932 A1 

Example 2 

Synthesis of 4-amino-3-fN-methvl-2.4-dichlorobenzvlamino)-fN-fn"Dentanesulfonvl))benzamide (32^ 

[0071] Four milliliters of ethanol and 4 ml of tetrahydrofuran were added to 0.605 g of N-(n-pentanesulfonyI)-3-(N- 
methy-S^-dichlorobenzylaminoJ^-nitrobenzamide, and subsequently 10 ml of an aqueous solution containing 3.10 g 
of sodium hydrosulfite was added thereto. The mixture was stirred at 80°C for 20 minutes and then extracted with water 
and ethyl acetate. The organic layer was washed with water and concentrated. The resulting residue was crystallized 
from ether, filtrated, and dried to obtain 0.126 g of 4-amino-3-(N-methyI-2 ( 4-dichlorobenzylamino)-(N-(n-pentanesulfo- 
nyl))benzamide (32). 

Properties of compound (32): 

[0072] 

1 H-NMR(DMSO-d6,Sppm):0.84(3H,t, J=7.2Hz), 1.34-1 .42(2H, m), 1.42-1 .48(2H, m), 1.63-1. 70(2H, m), 2.51(3H, 
s), 3.46(2H, t, J=7.8Hz), 4.12(2H, s), 5.79(2H, s), 6.68(1H, d, J=8.6Hz), 7.37(1H, dd, J=8.2 and 2.0Hz),7.50(1 H, 
dd, J=8.4and 1.9Hz), 7.55(1 H, d ( J^8.4Hz), 7.58(1 H, d, J*2.2Hz), 7.67(1 H, d, J=1.9Hz), 1 1.48(1 H, s). 
IR(Nujol): 1651cm' 1 . 
Mass(FD): m/e 457(M). 
mp: 1 22.5-1 24°C. 

Example 3 

Synthesis of 4-(acetvlaminoV3-((N-methvl)-2,4-dichlorobenzylamino)-(N-(n-pentanesulfonyi))benzamide (33) 

[0073] 4-amino-3-((N-methyl)-2,4-dichlorobenzylamino)-(N-(n-pentanesuIfonyl))benzamide was dissolved in chlo- 
roform, and triethylamine and acetyl chloride were added to the solution. The reaction mixture was stirred at room tem- 
perature for 30 minutes. The reaction solution was mixed with water and separated into aqueous and organic layers. 
The organic layer was washed with water and concentrated. The resulting residue was crystallized from ether. The crys- 
tals were filtrated and dried to yield 4-(acetylamino)-3-((N-methyl)-2 ( 4-dichlorobenzylamino)-(N-(n-pentanesulfo- 
nyl))benzamide (33). 

Properties of compound (33): 

[0074] 

1 H-NMR(DMSO-d6, 8ppm): 0.84(3H, t, J=7.3Hz), 1.25-1.32(21-1, m), 1.34-1.42(2H, m), 1.65-1.73(2H, m), 2.08(3H, 
s), 2.64(3K s), 3.51(2H, t, J=7.7Hz), 4.14(2H, s), 7.37(1H, dd, J=8.3 and 2.2Hz), 7.47(1H, d, J=8.3Hz), 7.61(11-1, 
d, J=2.1Hz), 7.68(1H f dd, J=8.5 amd 1.9Hz),7.90(1H, d, J=1.9Hz),8.11(1H, d, J=8.6Hz), 
IR(Nujol): 1662cm- 1 . 
Mass(FD):m/e 499(M). 
mp: 1 63.5-1 65°C. 

Production Example 6 

Production of 4.5-dibromo-2-methyl-1 ■(2-(trimethylsilyl)ethoxymethyl)immidazole 

[0075] A 901 mg portion of 60% sodium hydride was added little by little to ice-cold N,N-dimethylformamide (50 ml) 
containing 4.91 g of 4,5-dibromo-2-methylimidazole. The reaction mixture was stirred at room temperature for 1 hour. 
2-(Trimethysilyl)ethoxy methyl chloride (3.75 g) was added dropwise to the mixture on ice, and the mixture was stirred 
at room temperature overnight. The solvent was evaporated under reduced pressure, ethyl acetate was added to the 
resulting residue, and the mixture was washed subsequently with a saturated sodium hydrogen carbonate aqueous 
solution and a sodium chloride aqueous solution. The organic layer was dried over anhydrous magnesium sulfate, and 
the solvent was evaporated under reduced pressure. The resulting residue was purified by silica-gel column chroma- 
tography (eluent, hexane: ethyl acetate = 3:1) to obtain 7.6 g of colorless oily material of 4,5-dibromo-2-methyl-1 -(2-(tri- 
methylsilyl)ethoxymethyl)imidazole. 
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Properties of the compound: 
[0076] 

1 H-NMR(CDCI 3 ): 0.00(9H, s), 0.92(2H, t, J=8Hz), 2.47(3H, s), 3.55(2H, t, J=8Hz), 5.24(2H, s). 
Production Example 7 

Production of 4-bromo-2-methvl-1 -(2 -(trim ethyls! lvl)ethoxvmethvl)imidazole-5-carboxyaldehvde 

[0077] A solution (58.1 ml)of 1 .63N n-butyl lithium in hexane was added dropwise to 250 ml of tetrahydrofuran con- 
taining 29.2 g of 4 ( 5-dibromo-2-methyl"1-(2-(trimethylsilyl)ethoxymethyl)imidazole over a period of 20 minutes at -55°C 
to -60°C. After the mixture was stirred at -60°C for 30 minutes, N,N-dimethylformamide (58 g) was added dropwise to 
the mixture at -55°C to -60°C, followed by stirring at room temperature for 1 hour. A saturated sodium chloride aqueous 
solution was added thereto, and the mixture was extracted with ethyl acetate. The organic layer was dried over sodium 
sulfate anhydride, and the solvent was evaporated under reduced pressure. The resulting residue was purified by silica- 
gel column chromatography (eluent, hexanerethyl acetate - 3:1) to yield 18.5 g of pale-yellow oily material of 4-bromo- 
2-methyl-1-(2-(trimethyIsilyl)ethoxymethyl)imidazole-5-carboxya!dehyde. 

Properties of the compound: 

[0078] 

1 H-NMR(CDCl 3 ): 0.00(9H, s), 0.91 (2H, t, J=8Hz), 2.52(3H, s), 3.58(2H, t, J=8Hz), 5.70(2H, s), 9.71 (1H ( s). 
Production Example 8 

Production of 5-bromo-2-methylimid azole-4-carboxvaldehvde 

[0079] Eighty milliliters of hydrochloric acid (6N) were added to a solution of 4-bromo-2-methyl-1~(2-(trimethylsi- 
lyl)ethoxymethyl)imidazole-5-carboxyaldehyde (18.5 g) in 80 ml of ethanol, and the mixture was heated under reflux for 
1 hour. The solvent was evaporated under reduced pressure, and a saturated sodium hydrogen carbonate aqueous 
solution was added to the residue cooled with ice until the pH of the mixture became weak alkali. The precipitated crys- 
tals were filtered, washed with methanol, and heated to dryness under reduced pressure to give 9.1 7 g of white crystals 
of 5-bromo-2-methylimidazole-4-carboxyaldehyde. 

Properties of the compound: 

[0080] 

1 H-NMR(CDCI 3 ): 2.45(3H, s), 9.53(1 H, s). 
Production Example 9 

Production of 4-bromo-1 -(2.4-dichtorobenzvn-2-methvlimidazole-5-carboxvaldehvde 

[0081] 5-bromo-2-methylimidazole-4-carboxyaldehyde (2.25 g) and potassium carbonate (2.47 g) were dissolved 
in 15 ml of N,N-dimethylformamide, and 1 ml of N.N-dimethylformamide containing 2.56 g of 2,4-dichlorobenzyl chloride 
was added thereto. The reaction mixture was stirred at room temperature overnight and then at 70°C for 1 hour. Ethyl 
acetate was added to the mixture, which was washed subsequently with water and a sodium chloride aqueous solution. 
The organic layer was dried over anhydrous magnesium sulfate, and the solvent was evaporated under reduced pres- 
sure. The residue was purified by silica-gel column chromatography (eluent, hexane:ethyl acetate = 4:1) to give 3.42 g 
of white crystals of 4-bromo-1-(2,4-dichlorobenzyl)-2-methylim[dazoIe-5-carboxyaldehyde. 
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Properties of the compound: 
[0082] 

1 H-NMR(CDCI 3 ): 2.34(3H, s), 5.58(2H, s), 6.42(1 H, d, J=8Hz), 7.16(1H, dd, J=2, 8Hz), 7.45(1H, d, J=2Hz), 
9.70(1H, s). 

Production Example 10 

Production of methyl fE)-3-(4-bromo-1-(2.4-dichlorobenzyl)-2-methylimidazol-5-vlV2-propenoate 

[0083] One gram of 4-bromo-1 -(2,4-dichlorobenzy])-2-methylimidazole-5-carboxyaIdehyde was dissolved in 1 0 ml 
of tetrahydrofuran and then 1 .01 g of methyl(triphenylphosphoranilidene)acetate was added thereto under cooling with 
ice. After being heated under reflux for 3 hours, 290 mg of methyl (triphenylphosphoranilidene)acetate was added to the 
mixture, which was further heated under reflux for another 3 hours. The solvent was evaporated under reduced pres- 
sure, and the resulting residue was purified by silica-gel column chromatography (eluent, hexanezethyl acetate = 4:1) 
to obtain 1 .04 g of pale-yellow crystals of methyl (E)-3-(4-bromo-1 -(2,4-dichlorobenzyl)-2-methylimidazol-5-yl)-2-pro- 
penoate. 

Properties of the compound: 
[0084] 

1 H-NMR(CDCI 3 ): 2,36(3H, s), 3.75(3H t d, J=2Hz) f 5.20(2H, s), 6.39(1H, d, J=8Hz), 6.53(1H, d, J=15Hz), 7.17(1H, 
dd ( J=2, 8Hz), 7.26(1 H, d, J=2Hz), 7.47(1 H p d, J=2Hz). 

Production Example 1 1 

Production of (EV3-(4-bromo-1-f2.4-dichlorobenzvl)-2-methvlimidazol-5*vl)-2-propenoic acid 

[0085] Methyl (E)-3-(4-bromo-1 -(2,4-dichlorobenzyl)-2-methylimidazol-5-yl)-2-propenoate (800 mg) was dissolved 
in 20 ml of methanol, and then 20 m! of 1 N sodium hydroxide was added to the solution. After being heated under reflux 
for 30 minutes, the solution was adjusted to an acidic pH with 1 N hydrochloric acid under cooling with ice, and extracted 
with dichloromethane. The organic layer was washed with a sodium chloride aqueous solution, dried over anhydrous 
magnesium sulfate, and then the solvent was evaporated under reduced pressure to yield 762 mg of white crystals of 
(E)-3-(4-bromo-l-(2,4-dichlorobenzyl)-2-methylimidazol-5-yl)-2-prorenoic acid. 

Properties of the compound: 

[0086] 

1 H-NMR(DMSO-d6): 2.32(3H, s), 5.39(2H, s), 6.28(1H, d, J=15Hz), 6.51(1H, d, J=8Hz), 7.20(1H, d, J=15Hz), 
7.39(1 H, dd, J=2, 8Hz), 7.74(1 H, d, J=3Hz). 

Example 4 

Synthesis of ( E )-3-(4-bromo-1 -f2.4-dichlorobenzyl)-2-methylimidazol-5-yl)-N-(n-pentanesulfonyl)-2-propenamide (34) 

[0087] (E)-3-(4-bromo-1-(2,4-dichlorobenzyl)-2-methylimidazol-5-yi)-2-propenoic acid (696 mg) was suspended in 
7 ml of N.N-dimethylformamide, and 376 mg of N,N'-carbonyldiimidazo!e were added thereto. The reaction mixture was 
stirred at room temperature for 1 hour, and then 405 mg of pentanesulfonamide and 407 mg of 1 ,8-diazabicy- 
clo[5.4.0]undec-7-ene were added thereto. The mixture was stirred at 100°C for 3 hours, adjusted to a weak acid pH 
with a 1 N hydrochloric acid solution under ice-cooling and then extracted with dichloromethane. The organic layer was 
washed with a sodium chloride aqueous solution, dried over anhydrous magnesium sulfate. The solvent was then evap- 
orated, and the resulting residue was mixed with diisopropyl ether. The precipitated crystals were filtered and dried 
under reduced pressure to obtain 800 mg of white crystals of (E)-3-(4-bromo-1-(2,4-dichlorobenzyl)-2-methylimidazol- 
5-yl)-N-(n-pentanesulfonyl)-2-propenamide (34). 
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Properties of compound (34): 
[0088] 

1 H-NMR(DMSO~d6): 0.82(3H, t, J=7Hz), 1.20-1 .40(4H, m), 1 .57-1.67(2H, m), 2.33(3H, s), 3.32-3.40(2H, m), 
5.39(2H, s), 6.52(1H, d, J=9Hz), 6.69(1H, d, J=15Hz). 7.27(1H, d, J=15Hz), 7.38(1H, dd, J=2, 8Hz), 7.75(1H, s). 
Mass(ESI): 522(M-H). 

Example 5 

Synthesis of 3-(1-(2.4-dichlorobenzvl)-2-methvlimidazol-5- vIVN-fn-pentanesulfonvn -propionamide (35) 

[0089] (E)-3-(4-bromo-1-(2,4-dichlorobenzyl)-2-methylimidazoI"5-yl)-N-(n-pentanesulfonyl)-2-propenamide (630 
mg) was dissolved in a mixed solvent of methanol (6 ml) and 1,4<lioxane (6 ml), and 100 mg of 10% palladium carbon 
and 130 mg of potassium acetate were added thereto. Catalytic reduction of the solution was carried out under a hydro- 
gen atmosphere of 1 atm for 5 hours, and the reduction was allowed to further proceed under a hydrogen atmosphere 
of 3 atms for 4 hours. The catalyst was removed by filtration, and the solvent was evaporated under reduced pressure. 
The resulting residue was mixed with dichloromethane, and washed with water and then with a sodium chloride aque- 
ous solution. The organic layer was dried over anhydrous magnesium sulfate, and the solvent was evaporated under 
reduced pressure. The residue was purified by the silica-gel column chromatography (eluent, methanol:dichiorometh- 
ane = 3:97) to give 290 mg of pale-yellow powder of 3-(1 -(2,4-dichlorobenzyl)-2-methyl-imidazol-5-yl)-N-(n-pentanesul- 
fonyl)-2-propionamide (35). 

Properties of compound (35): 

[0090] 

1 H-NMR(DMSO-d6): 0.92(3H ( t, J=8Hz), 1.18-1.35(4H, m), 1.53-1.63(2H. m), 2.16(3H, s), 2.52-2.60(4H, m), 
3.27(2H, d, J=8Hz), 5.17(2H, s), 6.30(1 H,d, J=8Hz), 6.64(1 H, s), 7.36(1 H, dd, J=2, 8Hz), 7.72(1 H, d, J=2Hz). 
Mass(ESI): m/e 444(M-H). 

Production Example 1 2 

Production of 1 -f2.4-dichlorobenzvlV2-methvlim idazol-5-carboxvaldehvde 

[0091] 4-bromo-1-(2,4-dichiorobenzyl)-2-methylimidazoi-5-carboxyaldehyde (500 mg) was dissolved in 5 ml of 1,4- 
dioxane, and 100 mg of 10% palladium carbon and 155 mg of potassium acetate were added thereto. Catalytic reduc- 
tion of the solution was performed under a hydrogen atmosphere of 1 atm for 7 hours. The catalyst was removed by 
filtration, and then the solvent was evaporated under reduce pressure. Ethyl acetate was added to the resulting residue, 
and the mixture was washed subsequently with water and a sodium chloride aqueous solution. The organic layer was 
dried over anhydrous magnesium sulfate, and the solvent was evaporated to give 379 mg of white crystals of 1-(2,4- 
dichlorobenzyI)-2-methylimidazol-5-carboxyaldehyde. 

Properties of the compound: 

[00921 

1 H-NMR(CDCI 3 ): 2.38(3H, s), 5.62(2H, s), 6.33(1 H, d, J=8Hz), 7.13(1 H, d, J=8Hz), 7.45(1 H, d, J=2Hz), 7.82(1 H, 
s), 9.69(1 H, s). 

Production Example 13 Production of methyl (EV3-f1-(2.4-dichlorobenzvlV2-methvlimidazol-5-vn-2-propenoate 

[0093] Methyl (E)-3-(1-(2 l 4-dichlorobenzyl)-2-methylimidazol-5-yl)-2-propenoate (330 mg) was obtained as white 
crystals from 346 mg of 1-(2,4-dichlorobenzyl)-2-methylimidazole-5-carboxyaldehyde in the same manner as in Pro- 
duction Example 10. 
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Properties of the compound: 
[0094] 

1 H-NMR(CDCI 3 ): 2.35(3H, s), 3.73(3H, s), 5.18(2H f s), 6.16(1 H, d, J=:15Hz), 6.30(1H, d, J=8Hz), 7.15(1 H, dd, J=2, 
8Hz), 7.26(1 H, d, J=3Hz), 7.42-7.55(1 H, m), 7.65-7.70(1 H, m). 

Production Example 1 4 

Production of (E)-3-(1-(2.4-dichlorobenzvn-2-methyHmidazol-5-vlV2-propenoic acid 

[0095] (E)-3-(1 -(2,4-dichlorobenzyl)-2-methylimidazol-5-yl)-2-propenoic acid (210 mg) was obtained as white crys- 
tals from 300 mg of methyl (E)-3-(1-(2,4-dichlorobenzyl)-2-methylimidazol-5-yl)-2-propenoate in the same manner as in 
Production Example 1 1 . 

Properties of the compound: 

[0096] 

1 H-NMR(DMSO<i6): 2.29(3H, s), 5.34(2H, s), 6.17(1 H, d, J=15Hz), 6.35(1 H, d, J=8Hz), 7.23(1 H, d, J«15Hz) ( 
7.38(1 H, dd, J=2, 8Hz), 7.60(1 H, s), 7.75(1 H, s). 

Example 6 

Synthesis of (EV3-(1 -f2.4-dichlorobenzvl)-2-methylimidazol-5-vlVN-(n-pentanesulfonvn-2-propenamide (36) 

[0097] (E)-3-(1-(2,4<lichIorobenzyl)-2-methylimidazol-5-yl)"N-(n-pentanesulfonyl)-2-propenamide (36) (164 mg) 
was obtained as white crystals from 177 mg of (E)-3-(1-(2,4-dichIorobenzyl)-2-methylimidazol-5-yl)-2-propenoic acid in 
the same manner as in Example 4. 

Properties of compound (36): 

[0098] 

1 H-NMR(DMSOd6): 0.82(3H, t, J=7Hz), 1.20-1.38(4H, m), 1 ,55-1.67(2H, m), 2.27(3H, s), 3.30-3.40(2H, m), 
5.36(2H, S), 6.30(1 H, d, J=15Hz), 6.36(1 H, d, J=8Hz), 7.34(1 H, d, J=15Hz), 7.38(1 H, dd, J*2, 8Hz), 7.53(1 H, s), 
7.73(1 H. d, J=2Hz) 
Mass(ESI): m/e 444(M+H). 

Production Example 15 

Production of 5-chloro-2-methylimidazole-4-carboxvaldehvde 

[0099] 5-bromo-2-methylimidazole-4-carboxaldehyde (400 mg) was dissolved in 6 ml of concentrated hydrochloric 
acid, and the solution was heated under reflux for 24 hours. A saturated sodium hydrogen carbonate aqueous solution 
was added to the reaction mixture under ice-cooling until the pH of the mixture became weak alkali, and the mixture 
was extracted twice with ethyl acetate. The organic layer was washed subsequently with a saturated sodium hydrogen 
carbonate aqueous solution and a sodium chloride aqueous solution. The organic layer was dried over anhydrous mag- 
nesium sulfate, and the solvent was evaporated under reduced pressure. Hexane was added to the residue, and the 
resulting crystals were filtered to give 222 mg of yellow crystals of 5-chloro-2-methylimidazole-4-carboxyaldehyde.Prop- 
erties of the compound: 

1 H-NMR(CDCI 3 ): 2.45(3H, s), 9.58(1 H, s). 
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Production Example 1 6 

Production of 4-chloro-1 -(2,4<jichlorobenzvlV2-methvlimidazole-5-carboxaldehvde 

[0100] 4-Chloro-1-(2,4<jichlorobenzy])-2-rnethylimidazole-5-carboxaldehyde (270 mg) was obtained as pale-yel- 
low crystals from 205 mg of 5-chloro-2-methylimidazole-4-carboxaldehyde in the same manner as in Production Exam- 
ple 9. 

Properties of the compound: 
[0101] 

1 H-NMR(CDCI 3 ): 2.32(3H, s), 5.57(2H, s), 6.43(1H, d, J=8Hz), 7.16(1H, dd, J=2, 8Hz), 7.45(1 H, s), 9.76(1H, s). 
Production Example 17 

Production of methvi (EV3-(4-chloro-1-(2.4- dichlorobenzvlV2-methvlimidazol-5-vlV2-propenoate 

[0102] Methyl (E)-3-(4-chloro-1-(2,4-dichlorobenzyl)-2-methy!imidazol-5-yl)-2-propenoate(289 mg) was obtained 
as pale-yellow crystals from 253 mg of 4-chloro-1-(2,4-dichlorobenzyl)-2-methylimidazole-5-carboxaldehyde in the 
same manner as in Production Example 10. 

Properties of the compound: 

[0103] 

1 H-NMR(CDCI 3 ): 2.33(3H f s), 3.75(3H, s), 5.17(2H, s), 6.40(1 H, d, J^8Hz), 6.48(1 H, d, J=15Hz), 7.1 8(1 H, dd, J=2, 
8Hz), 7.28(1H, d, J=15Hz), 7.48(1 H, d, J=2Hz). 

Production Example 18 

Production of (E)-3-(4-chloro-1-(2.4-dichlorobenzyl)-2-methvlimidazol-5-yl)"2-propenoic acid 

[0104] (E)-3-(4-chloro-1-(2,4-dichiorobenzyl)-2-methylimidazol-5-yl)-2-propenoic acid (242 mg) was obtained as 
white crystals from 270 mg of methyl (E)-3-(4-chloro-1-(2,4-dichlorobenzyt)-2-methylimidazol-5-yl)-2-propenoate in the 
same manner as in Production Example 11. 

Properties of the compound: 

[0105] 

1 H-NMR(DMSO-d6): 2.32(3H, s), 5.40(2H, s), 6.25(1H, d, J=15Hz), 6.53(1H, d, J=8Hz), 7.20(1H, d, J=15Hz), 
7.39(1 H, dd, J=2, 8Hz), 7.75(1 H, d, J=3Hz). 

Example 7 

Synthesis of (E)-3-(4-chloro-1 -(2.4)-dichlorobenzyl)-2-methvlimidazol-5-yl)-N-(n-pentanesulfonyl)-2-propenamide (37) 

[01 06] (E)-3-(4-chloro-1 -(2,4-dichlorobenzyl)-2-methylimidazol-5-yl)-N-(n-pentanesulfonyl)-2-propenamide (37) 
(142 mg) was obtained as white crystals from 130 mg of (E)-3-(4-chloro-1-(2,4-dichlorobenzyl)-2-methyIimidazol-5-yl)- 
2-propenoic acid in the same manner as in Example 4. 

Properties of compound (37): 

[0107] 

1 H-NMR(DMSOd6): 0.92(3H, t, J=7Hz), 1.20-1.38(4H, m), 1.57-1 .68(2H, m), 2.31(3H, s), 3.32-3.40(2H, m), 
5.38(2H, s), 6.51 (1H, d, J=8Hz), 6.67(1 H, d, J=15Hz), 7.26(1 H, d, J=15Hz), 7.38(1 H, dd, J=2, 8Hz), 7.74(1 H, 
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d,J=2Hz). 
Example 8 

Synthesis of (E)-3-(4-chloro-1 ■(2.4-dichlorobenzvn-2-methvlimidazol-5-y0^^ (38) 

[01 08] (E)-3-(4-chioro- 1 -(2,4<Jichlorobenzyl)-2-meth^ (38) (78 

mg) was obtained as white crystals from 100 mg of (E)-3-(4-chloro-1 -(2,4-dichlorobenzyl)-2-methylimidazoi-5-yl)-2-pro- 
penoic acid in the same manner as in Example 4. 

Properties of compound (38): 

[0109] 

1 H-NMR(DMSO-d6): 2.27(3H, s), 5.33(2H, s), 6.45(1 H, d, J=8Hz), 6.60(1 H, d, J=15Hz), 7.13(1 H, d, J=15Hz), 
7.34(1 H, dd, J=2, 8Hz), 7.55-7.72(4H,m), 7.90(2H, d, J=8Hz) 
Mass(ESI) : m/e 484(M-H). 

Production Example 19 

Production of 1-(2.4-dichlorobenzvl)-2-methyl-4-phenvlimidazoie-5-carboxyaldehvde 

[01 1 0] Fifty milligrams of tetrakis(triphenylphosphine)paliadium (0) were suspended in 3 ml of toluene, and 300 mg 
of 4-bromo-1-(2,4-dichlorobenzyl)-2-methylimidazole-5-carboxyaldehyde was added thereto. After the mixture was 
stirred at room temperature for 10 minutes, ethanoi (0.5 ml) containing 126 mg of phenylboric acid and 2M sodium car- 
bonate aqueous solution (0.90 ml) was added thereto, and the resulting reaction mixture was heated under reflux for 8 
hours. The mixture was washed with a sodium chloride aqueous solution, and the organic layer was dried over anhy- 
drous magnesium sulfate. The solvent was then evaporated under reduced pressure. The resulting residue was purified 
by silica-gel column chromatography (eluent, hexane: ethyl acetate = 3:1). After hexane was added to the purified mate- 
rial, the resulting crystals were filtered and heated to dryness under reduced pressure to yield 298 mg of pale-yellow 
crystals of 1 -(2,4-dichlorobenzyl)-2-methyl-4-phenylimidazoIe-5-carboxyaldehyde t 

Properties of the compound: 
10111] 

1 H-NMR(CDCI 3 ): 2.42(3H, s), 5.67(2H, s), 6.49(1H t d, J=8Hz), 7.15(1H, dd, J=2, 8Hz), 7.45-7.50(4H, m), 7.67- 
7.70(2H, m), 9.82(1 H, s). 

Production Example 2Q 

Production of methyl (E)-3-(1-(2.4-dichlorobenzvl)-2- methyl-4-phenylimidazol-5-vl)-2-propenoate 

[0112] Methyl (E)-3-(1-(2,4-dichlorobenzyl)-2-methyl-4-phenylimidazol-5-yl)-2-propenoate (288 mg) was obtained 
as pale-yellow crystals from 280 mg of 1 -(2,4-dichlorobenzyl)-2-methyl-4-phenylimidazole-5-carboxyaldehyde in the 
same manner as in Production Example 10. 

Properties of the compound: 

[0113] 

1 H-NMR(CDCI 3 ): 2.40(3H, s), 3.69(3H, s), 5.25(2H, s), 5.77(1H, d, J=15Hz), 6.53(1H, d, J=8Hz), 7.21(1H, dd, J=2, 
8Hz), 7.33-7.47(3H, m), 7.50(1 H, d, J=3Hz), 7.60-7.66(3H, m). 
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Production Example 21 

Production of (^-3-n-f2.4HJichlorobenzvlV2-methvl-4-ph acid 

[0114] (E)-3-(1~(2,4-dichlorobenzyl)-2-methyl-4-phenylimida2ol-5-yl)-2-propenoic acid (228 mg) was obtained as 
white crystals from 263 mg of methyl (E)-3-(1 -(2,4-dichlorobenzyl)-2-methyl-4-pheny1imidazol-5-yl)-2-propenoate in the 
same manner as in Production Example 1 1 . 

Properties of the compound: 

[0115] 

1 H-NMR(DMSO-d6): 2.40(3H, $), 5.38(2H, s), 5.66(1H, d, J=15Hz), 6.57(1H, d, J^Hz), 7.34-7.48(5H, m), 7.55- 
7.58(2H, m), 7.78(1 H, s). 

Example 9 

Synthesis of (EV3-H-(2.4-dichlorobenzvl)-2-methvM^ f39^ 

[0116] (E)-3-(1-(2,4ndichlorobenzyl)-2-methyM (39) 
(1 05 mg) was obtained as white crystals from 1 1 0 mg of (E)-3-(1 -(2 I 4-dichlorobenzyl)-2-methyl-4-phenylimidazol-5-yl)- 
2-propenoic acid in the same manner as in Example 4. 

Properties of compound (39): 

[0117] 

1 H-NMR(DMSO-d6): 0.80(3H, t, J=7Hz), 1.18-1 .37(4H, m), 1.55-1 .64(2H, m), 2.32(3H, s), 3.33-3.38(2H, m), 
5.35(2H, s), 6.02(1 H, d, J=15Hz), 6.56(1 H, d, J=8Hz), 7.37-7.57(7H, m), 7.77(1 H, d, J=2Hz). 
Mass(ESI) : m/e 51 8(M-H). 

Example 10 

Synthesis of ( B-3-f 1 -(2.4-dichloroben zyl)-2-methvl-4-phenvlimidazol-5-vn-N-benzenesulfonvi-2-propenamide (40) 

[01 1 8] (E)-3-(1 -(2,4-dichlorobenzyl)-2-methyl-4-phenylimidazol-5-yJ)-N-benzenesulfonyl-2-propenamide (40) (111 
mg) was obtained as white crystals from 108 mg of (E)-3-(1-(2,4-dichlorobenzyl)-2-methyl-4-phenylimidazol-5-yl)-2- 
propenoic acid in the same manner as in Example 4. 

Properties of compound (40): 

[0119] 

1 H-NMR(DMSO-d6): 2.30(3H, s), 5.32(2H, s), 5.97(1H, d, J^ISHz), 6.54(1 H, d, J=8Hz), 7.35-7.70(1 0H t m), 
7.78(1 H, d, J=2Hz), 7.87(2H, d, J=7Hz). 
Mass(ESI) : m/e 524(M-H). 

Production Example 22 

Production of 2-methv-1 -(2-(trimethvlsilvnethoxvmethvl)imidazole 

[0120] 2-Methy-1-(2-(trimethylsilyl)ethoxymethyl)imidazole (13.2 g) was obtained as brown oily material from 5.00 
g of 2-methylimidazole in the same manner as in Production Example 6. 
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Properties of the compound: 
[0121] 

1 H-NMR(CDCI 3 ): 0.00(9H, s), 0.91(2H, t f J^Hz), 2.45(9H, s), 3.50(2H, t, J=8Hz), 5.20(2H, s) ( 6.92(2H, s). 
Production Example 23 

Production of 2-methv-1 -(2-ftrimethvlsilvnethoxvmethvl)imidazole-5-carboxvaldehvde 

[0122] 2-Methyl-1-(2"(trimethylsilyl)ethoxymethyl)imidazole-5-carboxyaldehyde (650 mg) was obtained as pale-yel- 
low oily material from 7.00 g of 2-methy-1-(2-(trimethylsilyl)ethoxymethyl)imidazole in the same manner as in Produc- 
tion Example 7. 

Properties of the compound: 

[0123] 

1 H-NMR(CDCI 3 ) : 0.00(9H, s), 0.92(2H, t, J=8Hz), 2.57(3H, s), 3.61(2H, s, J=8Hz), 5.77(2H, s), 9.70(1H, s). 
Production Example 24 

Production of methyl (EV3-(2-methvl-1-(2- (trimethylsilyl)ethoxymethvl)imidazol>5-vl)-2-propenoate 

[0124] Methyl (E)-3-(2-methy-1 -(2-(trimethylsilyl)ethoxymethyl)imidazol-5-yl)-2-propenoate (656 mg) was obtained 
as brown powder from 634 mg of 2-methy-1-(2-(trimethylsilyl)ethoxymethyl)imidazole-5-carboxyaldehyde in the same 
manner as in Production Example 1 0. 

Properties of the compound: 

[0125] 

1 H-NMR (CDCIg): -0.01(9H, S), 0.92(2H, t, J=8Hz), 2.50(3H, s), 3.51(2H, d, J=8Hz), 3.80(3H, s), 5.28(2H, s), 
6.30(1H, d, J=15Hz), 7.38(1H, s), 7.58(1H, d, J=15Hz). 
Mass(ESI) : m/e 297(M+1). 

Production Example 25 

Production of methyl (E)-3-(2-methvlimidazol-4-vn-2-propenoate 

[01 26] Methyl (E)-3-(2-methylimidazol-4-yl)~2-propenoate (214 mg) was obtained as brown crystals from 653 mg of 
methyl (E)-3-(2-methy-1-(2-(trimethylsilyI)ethoxymethyl)imidazol-5-yl)-2-propenoate in the same manner as in Produc- 
tion Example 8. 

Properties of the compound: 

[0127] 

1 H-NMR(DMSO-d6): 2.42(3H, s), 3.70(3H, s), 6.43(1H, d, J=15Hz), 7.50(1H, d, J=15Hz), 7.60(1H, s). 
Mass(ESI) : m/e 167(M+1). 
mp : 200-203°C. 

Production Example 26 

Production of methvl fE)-3-(1-(2.4-dichlorobenzvl)-2-methvimidazol-4-vn-2-propenoate 

[0128] Methyl (E)-3-(1-(2,4-dichlorobenzyl)-2-methylimidazoI"4"yl)-2-propenoate(254 mg) was obtained as color- 
less crystals from 190 mg of methyl (E)-3-(2-methylimidazoI-4-yl)-2-propenoate in the same manner as in Production 
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Example 9. 

Properties of the compound: 
[0129] 

1 H-NMR (CDCI 3 ): 2.46(3H, s), 3.77(3H, s), 5.10(2H, s), 6.55(1H, d, J=15Hz), 6.68(1H, d, J*:8Hz), 7.00(1H, s), 
7.22(1 H, dd, J=8, 2Hz), 7.47(1 H, brs), 7.50(1 H, d, J=15Hz). 
Mass(ESI) : m/e 325(M+1). 
mp : 135-137°C. 

Production Example 27 

Production of fEV3-n-(2.4-dichlorobenzvlV2-melhylimidazo l-4-vl)-2-propenoic acid 

[01 30] (E)-3-(1 -(2,4<iichloroben2yl)-2-methylimidazol-4-y])-2-propenoic acid (309 mg) was obtained as paie-brown 
crystals from 258 mg of methyl (E)-3"(1-(2,4-dichlorobenzyl)-2-methylimidazol-4-yl)-2-propenoate in the same manner 
as in Production Example 1 1 . 

Properties of the compound: 

[0131] 

1 H-NMR(DMSO-d6): 2.27(3H ( s), 5.22(2H, s), 6.21 (1H, d, J=15Hz), 6.90(1 H, d, J=8Hz), 7.37(1 H, d, J=15Hz), 7.42- 
7.49(2H, m), 7.71 (1H, d, J=2Hz). 
Mass(ESI) : m/e 309(M-1). 
mp : 134-135°C. 

Example 1 1 

Synthesis of (EV3-(1 -(2.4-dichlorobenzvn-2-methvlimidazol-4-vnVN-(n-pentanesulfonyl)-2-propenamide (41) 

[0132] (E)-3-(1-(2,4-dichloroben2yl)-2-methylimrdazol-4-yl))-N-(n-pentanesulfbnyl)-2-propenamide (41) (220 mg) 
was obtained as pale-yellow crystals from 210 mg of (E)-3-(1-(2 p 4-dichlorobenzyl)-2-methyiimidazol-4-yl-2-propenoic 
acid in the same manner as in Example 4. 

Properties of compound (41): 

[0133] 

1 H-NMR (CDCI3): 0.89(3H, br t, J=7Hz), 1.25-1.45(4H, m), 1.71-1.86(2H,m), 2.39(3H, s), 3.46(3H, br t, J=7Hz), 
5.10(2H, s), 6.61(1H, d, J=15Hz), 6.75(1H, d, J=8Hz), 7.05(1H ( s), 7.23(1H, overlapped with CDCI 3 ), 7.47(1H, d, 
J=2Hz), 7.60(1 H, d, J*15Hz). 
Mass(ESI) : m/e 442(M-1). 
mp 170-172°C. 

Example 12 

Synthesis of (E)-3-n-(2.4-dichlorobenzvn-2-methvlimtdazol-4-vl))-N-m-pentanesuIfonyl) propionamnide (42) 

[0134] (E)-3-(1-(2,4-dichlorobenzyl)-2-methylimidazol-4-yl))-N-(n-pentanesulfbnyl) propionamide (42) (220 mg) 
was obtained as colorless crystals from 150 mg of (E)-3-(1-(2,4-dichlorobenzyl)-2-methylimidazol-4-yl)-N-(n-pen- 
tanesulfonyl)-2-propenamide in the same manner as in Example 5. 
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Properties of compound (42): 
[0135] 

1 H-NMR <CDCI 3 ): 0.89(3H, brt, J=7Hz), 1.26-1.49(4H, m), 1.78-1 .90(2H,m), 2.39(3H, s), 2.68-2.75(2H, m), 2.80- 
2.89(2H, m), 3.41(3H, brt, J=7Hz), 5.05(2H, s), 6.56(1H, s), 6.71(1H, d, J=8Hz), 7.24(1H. d, J=8Hz), 7.45(1H, d, 
J=2Hz). 

Mass(ESl) : m/e 446(M+1). 
mp:120-122°C. 

Production Example 28 

Production of (EV4-methvl-2-(4-phenvlphenvnethenvlpvridine 

[0136] A mixture of 4-phenylbenzaldehyde (6.45 g), 2,4-lutidine (7.59 g), and acetic anhydride (10 ml) was heated 
in a bath at 150°C for 12 hours and then heated under reflux for 12 hours. The reaction mixture was concentrated to 
dryness under reduced pressure, and the resulting residue was purified by silica-gel column chromatography (eluent, 
hexane : ethyl acetate = 9:1 to 5:1) to give 4.35 g of yellow solid material of (E)-4-m ethyl -2-(4-phenylphenyl) ethenylpy- 
ridine. 

Properties of the compound: 
[0137] 

1 H-NMR(CDCi 3 ): 2.38(3H, s), 6.98(1H, d t J=5Hz), 7.12-7.28(2H), 7.34(1H,t, J=8Hz), 7.44(2H, t, J*8Hz), 7.56- 
7.71 (7H), 8.47(1 H, d, J=5Hz) 

Production Example 29 

Production of (E)-2-(4-phenylphenyl)ethenvlpvridine-4-carboxvlic acid 

[0138] A mixture of (E)-4-methyl-2-(4-phenylphenyl)ethenylpyridine (4.24 g). selenium dioxide (2.08 g), and pyrid- 
ine (43 ml) was heated under reflux for 24 hours. The reaction mixture was concentrated to dryness under reduced 
pressure, and the resulting residue was extracted with a mixture of chloroform, methanol, and aqueous ammonium 
(65:25:4). The extract was concentrated to dryness under reduced pressure, and the resulting residue was ground in 
ethyl acetate to give 3.81 g of brown powder of (E)-2~(4-phenylphenyl)ethenylpyridine-4-carboxylic acid. 

Properties of the compound: 

[0139] 

1 H-NMR(DMSO-d6): 7.32-7,53(4H), 7.63(1H, d t J=5Hz), 7.70-7.84(88), 7.96(1H, s), 8.66(1H, d, J=5Hz). 
Example 13 

Synthesis of N-m-pentanesulfonyl)-2-f(EV(4-phenvlphenvl)ethenvlPvridine-4-carboxvamide (43) 

[0140] (E)-2-(4-phenylphenyl)ethenylpyridine-4-carboxylic acid (277 mg) was dissolved in 2.8 ml of dry dimethylfor- 
mamide, and 194 mg of N,N'-carbonyldiimidazole was added thereto. The mixture was stirred at room temperature for 
1.5 hours and then stirred at 100°C for 30 minutes. After being cooled down to room temperature, the mixture was 
mixed with 209 mg of pentanesulfonamide and 210 mg of 1,8-diazabicyclo[5.4.0]undec-7-ene. The reaction mixture 
was stirred at 100°C for 48 hours. The mixture was then cooled with ice, and its pH was adjusted to 5 using 1 N hydro- 
chloric acid. The resulting precipitate was collected by filtration and washed with water. The partially purified material 
thus obtained was further purified by silica-gel thin -layer chromatography (eluent, chloroform :methanol: water = 65:25:4) 
to yield 67 mg of brown powder of N-(n-pentanesulfonyl)-2-((E)-(4-phenylphenyl)ethenylpyridine-4-carboxyamide (43). 
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Properties of compound (43): 
[0141] 

1 H-NMR(DMSO-d6): 0.85(3H, t, J=6Hz), 1.30(4H, m), 1.64(2H, m), 3.22(2H, t, J=6Hz), 7.32-7.53{4H), 7.62- 
7.86(8H), 7.98(1 H, s), 8.63(1 H, d, J=5Hz). 

Production Example 30 

Production of (E)-4-m ethyl -2-(4-phenylphenynethenylpyridine 

[0142] A mixture of 4-phenylbenzaldehyde (6.45 g), 2,4-lutidine (7.59 g), and acetic anhydride (10 ml) was heated 
on a bath at 150°C for 12 hours and then heated under reflux for 12 hours. The reaction mixture was concentrated to 
dryness under reduced pressure, and the resulting residue was purified by silica-gel column chromatography (eluent, 
hexane : ethyl acetate = 9:1 to 5:1) to give 4.35 g of a yellow solid of (E)-4-methyl-2-(4-phenylphenyl)ethenylpyridine. 

Properties of the compound: 

[0143] 

1 H-NMR(CDCI 3 ): 2.38(3H ( S), 6.98(1 H, d, J=5Hz), 7.12-7.28(2H), 7.34(1 H, t, J=8Hz), 7.44(2H, t, J=8Hz), 7.56- 
7.71 (7H), 8.47(1 H, d, J=5Hz). 

Production Example 31 

Production of (E)-2-(4-phenylphenyl)ethenvlpvridine-4- carboxvlic acid 

[0144] A mixture of (E)-4-methyl-2»(4-phenylphenyl)ethenylpyridine (4.24 g), selenium dioxide (2.08 g), and pyrid- 
ine (43 ml) was heated under reflux for 24 hours. The reaction mixture was concentrated to dryness under reduced 
pressure, and the resulting residue was extracted with a mixture of chloroform, methanol, and aqueous ammonium 
(65:25:4). The extract was concentrated to dryness under reduced pressure, and the resulting residue was ground in 
ethyl acetate to give 3.81 g of brown powder of (E)-2-(4"phenylphenyl)ethenylpyridine-4-carboxylic acid. 

Properties of the compound: 

[0145] 

1 H-NMR(DMSO-d6): 7.32-7.53(4H), 7.63(1 H, d, J=5Hz), 7.70-7.84(8H), 7.96(1 H, s), 8.66(1 H, d, J=5Hz). 
Production Example 32 

Production of (E)-N-m-pentanesulfonvl)-2-(2-(4-phenylphenvl)ethenyl)Dvridine-4-carboxyamide 

[0146] (E)-2-(2-(4-phenylphenyl)ethenyl)pyridine-4-carboxylic acid (277 mg) was dissolved in 2.8 ml of dried 
dimethylformamide, and 194 mg of carbonyldiimidazole was added thereto. The mixture was stirred at room tempera- 
ture for 1.5 hours and then stirred at 100°C for 30 minutes. After being cooled to room temperature, the mixture was 
mixed with 209 mg of pentanesulfonamide and 210 mg of 1,8-diazabicyclo[5.4.0]undec-7-ene and stirred at 100°C for 
48 hours. The reaction mixture was cooled with ice, and then its pH was adjusted to 5 using 1 N hydrochloric acid. The 
resulting precipitate was collected by filtration and washed with water. The partially purified material thus obtained was 
further purified by silica-gel thin-layer chromatography (eluent, chloroform : methanol : water = 65:25:4) to yield 67 mg 
of brown powder of (E)-N-(n-pentanesulfonyl)-2-(2-(4-phenylphenyl)ethenyl)pyridine-4-carboxyamide. 

Properties of the compound: 

[0147] 

1 H-NMR(DMSO-d6): 0.85(3H, t, J=6Hz), 1.30(4H, m), 1.64(2H, m), 3.22(2H, t, J=6Hz), 7.32-7.53(4H), 7.62- 
7.86(8H), 7.98(1 H, s), 8.63(1H, d, J=5Hz). 
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Production Example 33 

Production of methvl 3-M -(2.4-dichforobenzvlV2-met^ 

[0148] Diisopropylamine (338 mg) was dissolved in 2 ml of tetrahydrofuran, and 2.10 ml of hexane containing 1 .6M 
n-butyllithium was added to the mixture. It was cooled on a dry ice-acetone bath using a syringe under a nitrogen 
atmosphere and stirred for 30 minutes on an ice-water bath. One milliliter of tetrahydrofuran containing 285 mg of 
methyl 3-(2-thieny I) propionate was added to the mixture, which was cooled on a dry ice-acetone bath and stirred for 1 
hour. Then, 2 ml of tetrahydrofuran containing 1-(2,4-dichlorobenzyl)-2-methylimidazole-5-carboxyaldehyde (300 mg) 
was added thereto with a syringe. After being stirred for 1 hour, a saturated ammonium chloride aqueous solution and 
ethyl acetate were added thereto, and then the dry ice-acetone bath was removed. The reaction mixture was mixed with 
water and extracted with ethyl acetate. The organic layer was washed with a saturated sodium chloride aqueous solu- 
tion, dried over anhydrous magnesium sulfate, and filtrated. The filtrate was concentrated under reduced pressure to 
give 490 mg of brown oily crude product of methyl 3-(1-(2 l 4-dichlorobenzyl)-2-methylimidazol-5-yl)-3-hydroxy-2-(thi- 
ophen-2-ylmethyl )propionate. 

Production Example 34 

Production of methvl (EV3-(1-(2.4-dichlorobenzvlV2-methvlimidazol-5-vn-2-(thiophen-2-vlmethvlV2-DroDenoate 

[0149] Methyl 3-(1 -(2,4-dichlorobenzyl)-2-methylimidazol-5-yl)-3-hydroxy-2-(thiophen-2-ylmethyl)propionate (490 
mg) obtained in the process of Production Example 33 was dissolved in 5 ml of dichloromethane, and 683 mg of acetic 
anhydride and 55 mg of 4-(dimethyiamino)pyridine were added thereto. The mixture was stirred at room temperature 
overnight. A saturated sodium hydrogen carbonate aqueous solution was then added thereto, and the mixture was 
stirred for 30 minutes. The solution was extracted twice with dichloromethane, dried over anhydrous sodium sulfate, and 
filtered. The filtrate was concentrated under reduced pressure. The resulting residue was dissolved in 5 ml of toluene, 
and 424 mg of 1 ,8-diazabicyclo[5.4.0]undec-7-ene was added thereto. The mixture was heated at 100°C on an oil bath 
for 1 hour, and then concentrated under reduced pressure. A saturated ammonium chloride aqueous solution and ethyl 
acetate were added to the concentrate, the organic layer was washed with a saturated sodium chloride aqueous solu- 
tion and dried over anhydrous sodium sulfate followed by filtration. The filtrate was concentrated under reduced pres- 
sure, and the resulting residue was subjected to silica-gel column chromatography and eluted with a mixture of hexane- 
and ethyl acetate (1 :3). The desired fractions were collected and concentrated under reduced pressure to yield 1 11 mg 
of white crystals of methyl (E)-3-(1-(2,4-dichlorobenzyi)-2-methylimidazoI-5-yl)-2-(thiopheh-2-ylmethyl)-2-propenoate. 

Properties of the compound: 

[0150] 

1 H-NMR(CDCI 3 ): 2.34(3H, s), 3.73(3H, s), 4.12(2H, s), 5.17(2H, s), 6.30(1H, d, J=8Hz), 6.80(1H, d, J=3Hz), 
6.90(1H, t, J=6Hz), 7.35(1 H, s), 7.41(1 H, s), 7.46(1 H, d, J=2Hz). 

Production Example 35 

Production of (EV3-M-f2.4-dichlorobenzvlV2-methvlimidazol-5-vn-2-fthiophen-2-vlmethvl)-2-propenoic acid 

[0151 ] White crystals of (E)-3-(1 -(2,4-dichlorobenzyl)-2-methylimidazol-5-y()-2-(thiophen-2-yl-methyl)-2-propenoic 
acid (100 mg) were obtained from 101 mg of methyl (E)-3-(1-(2,4-dichlorobenzyl)-2-methylimidazol-5-yl)-2-(thiophen-2- 
ylmethyl)-2-propenoate obtained in Production Example 34 in the same manner as in Production Example 1 1 . 

Properties of the compound: 

[0152] 

1 H-NMR(DMSO-d6): 2.30(3H, s), 3.97(2H, s), 5.32(2H, s), 6.38(1 H, d, J=8Hz), 6.79(1 H, d, J=2Hz), 6.93(1 H, t, 
J=3Hz), 7.25-7.27(3H, m), 7.36(1 H, d, J=8Hz), 7.72(1 H, d, J=2Hz). 
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Example 14 

Synthesis of (EV3-M-(2.4-dichlorobenzvlV2-m^ 
propenamide (44) 

[0153] White crystals of (E)-3-(H2,4-dich1orobenzyl)-2-methy^ 

yl)methyl)-2-propenamrde (74 mg) were obtained from 85 mg of (E)-3-(1-(2,4-dichlorobenzyl)-2-methylimidazol-5-yl)-2- 
(thiophen-2-ylmethyl)-2-propenoic acid obtained in Production Example 35 and 47 mg of 1 -pentanesulfonamide in the 
same manner as in Example 4. 

Properties of the compound: 

[0154] 

1 H-NMR(DMSO-d6): 0.89(3H, t, J=7Hz), 1.12-1 .30(4H, m), 1.46-1.56(2H, m), 2.23(3H, s), 3.23-3.40(2H, m), 
4.03(2H, S), 5.40(2H, S), 6.33(1 H, d, J=8Hz), 6.81 (1H, d, J=2Hz), 6.93(1 H, t, J=3Hz), 7.21 (1H, s), 7.26-7.37(4H, 
m), 7.72(1 K d, J=2Hz). 

Production Example 36 

Production of ethyl 2-benzvl-3-n-(2,4-dichlorobenzvn-2-methvlimidazol-5-v!V3-hvdroxvpropionate 

[0155] A brown oily crude product of ethyl 2-benzyl-3-(1 -(2,4-dichlorobenzyl)-2-methylimidazol-5-yl)-3-hydroxypro- 
pionate (499 mg) were obtained starting from 300 mg of 1-(2 ( 4-dichlorobenzyl)-2-methylimidazole-5-carboxyaldehyde 
and 298 mg of ethyl 3-phenylpropionate in the same manner as in Production Example 33. 

Production Example 37 

Production of ethvl fE)-2-benzyl-3-n-(2.4-dichlorobenzvlV2-methvlimidazol-5-vn-2-Dropenoate 

[0156] White crystals of ethyl (E)-2-benzyl-3-(1-(2,4-dichlorobenzyI)-2-methylimidazoI-5"yl)-2-propenoate (70 mg) 
were obtained from 499 mg of ethyl 2-benzyl-3-(1-(2 ( 4-dichlorobenzyl)-2-methylimidazol-5-yl)-3-hydroxypropionate 
obtained in Production Example 36 in the same manner as in Production Example 34. 

Properties of the compound: 

[0157] 

1 H-NMR(CDCI 3 ): 1.18(3H, t, J=7Hz), 2.34(3H, s), 3.97(2H, s), 4.13(2H, q, J=8Hz), 5.18(2H, s), 6.32(1 H, d, J=8Hz), 
7.11-7.27(7H, m), 7.40(1 H, s), 7.47 (1H, s). 

Production Example 38 

Production of (EV2-benzvl-3-(1-(2.4-dichlorobenzyn-2-methvlimidazol-5-vlV2-proDenoic acid 

[0158] White crystals of (E)-2-benzyl-3-(1-(2,4-dichlorobenzyl)-2-methylimidazol-5-yl)-2-propenoic acid (50 mg) 
were obtained from 57 mg of ethyl (E)-2-benzyl-3-(1-(2,4-dichlorobenzyl)-2-methylimidazol-5-yl)-2-propenoate that was 
obtained in Production Example 37 in the same manner as in Production Example 1 1 . 

Properties of the compound: 

[0159] 

1 H-NMR(DMSO-d6): 2.29(3H, s), 3.83(2H, s), 5.33(2H t s), 6.40(1H, d, J=8Hz), 7.05-7.08(3H, m), 7.15(1H, t, 
J=7Hz), 7.26(1 H, t, J=7Hz), 7.36-7.40(2H, m), 7.72(1 H, d, J=2Hz). 
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Example 15 

Synthesis of (E)-2-benzyl-3-(1 -f2,4-dichlorobenzv1V2-methvlimidazol-5-vn-N-(n-pentane (45} 
[0160] White crystals of (E)-2-benzyl-3-(1-(2,4-dichlorobenzyl)-2-methyn^ 

propenamide (25 mg) were obtained from 42 mg of (E)-2-benzyl-3-(1-(2,4<Jichlorc»benzyl)-2-methyl-imidazol-5-yl)-2- 
propenoic acid and 24 mg of 1 -pentanesufonamide in the same manner as in Example 4. 

Properties of the compound: 

[0161] 

1 H-NMR(DMSO-d6): 0.78(3H, t, J=7Hz), 1.07-1.27(4H, m), 1.40-1.50(2H, m), 2.22(3H, s), 3.21-3.40(2H, m), 
3.90(2H, s), 5.40(2H, s) ( 6.32(1 H, d, J=8Hz), 7,08-7.1 0(3H, m), 7.1 7(1 H. t, J=7Hz), 7.25-7.30(3H, m), 7.38(1 H, d, 
J=8Hz), 7.72(1 H, d, J=2Hz). 

Test Example 

Test for activity of decreasing plasma glucose level using db/db mice 
Test compound 

(E)-3-(4-bromo-1-(2,4-dichlorobenzyl)-2-methylimidazol-5-yl)-N-(n-pentanesuIfonyl)-2-propenamide (33) 
Animal used 

[0162] Five- week-old female mice [C57BL/KsJ-dbm db+/db+, C57BUKsJ-dbm +m/+m (Jackson Laboratory)] were 
purchased, and were kept for 2 to 3 weeks. Then, these mice were used in the test. 

Preparation of the agent 

[0163] The test compound was mixed with a powdered chow (CE-2, made by Nippon Clea) using a mortar. The 
mixing ratio was 0.01%. The mixed chow was changed twice a week. The feed amount and the remaining amount were 
recorded, and the intake was calculated from the difference therebetween. 

Test schedule 

[0164] The female db/db mice were grouped according to the body weight, the plasma glucose level and the 
plasma triglyceride concentration. Then, the mixture containing the test compound was administered to the mice (8- to 
10-week-old) for 14 days. In the morning on day 7 and day 14, the blood was collected from the orbital venous plexus 
using heparinized glass capillary tubes (Chase Heparinized Capillary Tubes), and a plasma fraction was obtained 
through centrifugal separation. Plasma glucose, triglyceride, and insulin concentrations were measured on day 0 and 
day 1 4 as well as plasma glucose and triglyceride concentrations on day 7. The body weight was measured on day 0, 
day 7, and day 14. After the final collection of the blood, the mice were sacrificed using C0 2 gas. 

Measurement method 

[0165] The plasma glucose was measured by a glucose oxidase method (Glucose Cll-Test Wako made by Wako 
Pure Chemical Industries, Ltd.) using 10 to 15 ^l of plasma. The plasma triglyceride concentration was measured by a 
GPO-p-chlorophenol method (Triglyceride G-Test Wako made by Wako Pure Chemical Industries, Ltd.) or a GPO- 
DAOS method (Triglyceride E-Test Wako) using 10 to 15 ^l of plasma. The above-mentioned measurements were per- 
formed immediately after the blood collection. The plasma insulin concentration was measured by an immunological 
method (Phadesef Insulin RIA Kit made by Cabi Pharmacia) using 20 jil of plasma (which can be stored at - 20°C). 

Results 

[0166] Trie difference in the plasma glucose level or in the plasma triglyceride concentration between a control 
group of the db/db mice and a group of the +/+ mice was defined as 1 00%, and the rate (%) of decrease in the plasma 
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glucose level or the plasma triglyceride concentration of the group to which the test compound was administered was 
calculated. When 1 0 mg of the test compound was administered to a mouse per kg of body weight, activities of decreas- 
ing plasma glucose and plasma triglyceride were 60% and 104%, respectively. 

Industrial Applicability 

[0167] Novel aromatic ring derivatives and their pharmaceutical^ acceptable salts are provided. The compounds 
and their salts have blood sugar level-depressing activity or PDE5-inhibiting activity, and are useful for preventing and 
treating impaired glucose tolerance, diabetes (type II diabetes), diabetic complications (e.g., diabetic gangrene, diabetic 
arthropathy, diabetic osteopenia, diabetic glomerulosclerosis, diabetic nephropathy, diabetic dermatopathy, diabetic 
neuropathy, diabetic cataract, diabetic retinopathy, etc.), syndrome of insulin resistance (e.g., insulin receptor disorders, 
Rabson-Mendenhall syndrome, leprechaunism, Kobberling-Dunnigan syndrome, Seip syndrome, Lawrence syndrome, 
Cushing syndrome, acromegaly, etc.), polycystic ovary syndrome, hyperlipidemia, atherosclerosis, cardiovascular dis- 
orders (e.g., stenocardia, cardiac failure, etc.), hyperglycemia (e.g., those characterized by abnormal saccharometab- 
olism such as feeding disorders, etc.), hypertension, stenocardia, pulmonary hypertension, congestive heart failure, 
glomerulopathy (e.g., diabetic glomerulosclerosis, etc.), tubulointerstitial disorders (e.g., renopathy induced by FK506, 
cyclosporin, etc.), renal failure, atherosclerosis, angiostenosis (e.g., after percutaneous arteriopfasty), distal angiopa- 
thy, cerebral apoplexy, chronic reversible obstructions (e.g., bronchitis, asthma (chronic asthma, allergic asthma), etc.), 
autoimmune diseases, allergic rhinitis, urticaria, glaucoma, diseases characterized by enteromotility disorders (e.g., 
hypersensitive enteropathy syndrome, etc.), impotence (e.g., organic impotence, psychic impotence, etc.), nephritis, 
cachexia (e.g., progressive weight toss due to lipolysis, myolysis, anemia, edema, anorexia etc., in chronic diseases 
including cancer, tuberculosis, endocrinopathy, AIDS, etc.), pancreatitis, or restenosis after PTCA. 

Claims 

1 . A pharmaceutical composition for preventing and treating impaired glucose tolerance, diabetes, diabetic complica- 
tions, syndrome of insulin resistance, polycystic ovary syndrome, hyperlipidemia, atherosclerosis, cardiovascular 
disorders, hyperglycemia, hypertension, stenocardia, pulmonary hypertension, congestive heart failure, glomeru- 
lopathy, tubulointerstitial disorders, renal failure, atherosclerosis, angiostenosis, distal angiopathy, cerebral apo- 
plexy, chronic reversible obstructions, auto-immune diseases, allergic rhinitis, urticaria, glaucoma, diseases 
characterized by enteromotility disorders, impotence, nephritis, cachexia, pancreatitis, or restenosis after PTCA, 
which comprises, as an active ingredient, an aromatic ring derivative represented by formula (I): 

X— cfy— Nu-ch 2 -A (i) 

(Rl)n 



wherein X indicates the substituent represented by formula (II); 




wherein R 2 represents a lower alkyl group, a lower alkenyl group, a lower alkynyl group, a cyclo-lower alkyl group, 
an aromatic group or a heterocyclic group, each of which may have one or more substituents; cl^ and ch 2 repre- 
sent a saturated or unsaturated cross-linking group, which may be branched; ch 1 may have one or more substitu- 
ents selected from a group consisting of a lower alkyl group, a lower cycloalkyl group, an aromatic group, a 
heterocyclic group, a lower alkyl-lower cycloalkyl group, an aromatic-lower alkyl group, and a heterocyclic lower 
alkyl group; Nu represents a 5- or 6-membered aromatic group; X and Nu may be bonded directly to each other; 
R-i represents a hydrogen atom, a halogen atom, a lower alkyl group, an amino group, an acylamino group, a lower 
alkenyl group, a lower alkynyl group, a halo-lower alkyl group, a lower cycloalkyl group, a nitro group, a lower 
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alkylamino group, a carboxyl group, an esterified carboxyl group, an amidated carboxyl group, a lower alkanesulfo- 
nyl group, an aromatic-sulfonyl group, a hydroxyl group, or a lower alkoxyl group; n means a natural number of 2 or 
less; and A is an aromatic ring that may have one or more substttuents; 
or its pharmaceutical^ acceptable salt. 

5 

2. The pharmaceutical composition of claim 1 , wherein the aromatic ring derivative is represented by formula (I) 
where Nu is a benzene ring or a pyridine ring; X is bonded directly to Nu; ch 2 is an ethenylene chain or an azaeth- 
ylene chain; the nitrogen atom in the azaethylene chain may be substituted with a lower alky! group; and R 1 is a 
hydrogen atom, an amino group, or an acylamino group. 

w 

3. The pharmaceutical composition of claim 1 , wherein the aromatic ring derivative is represented by the formula (I) 
where Nu is an imidazole ring; ch 1 is an ethylene chain or an ethenylene chain; ch 2 is a methylene chain; and R 1 
is a hydrogen atom, a lower alkyl group, a halogen atom, or a phenyl group. 

15 4. The pharmaceutical composition of claim 2, wherein the aromatic ring derivative is represented by formula (III) or 
formula (IV): 



H 



20 



25 




(III) 




wherein R 3 represents a hydrogen atom or a lower alkyl group; R 4 is a hydrogen atom or an acyl group; and X and 
A are as defined above. 



40 5. The pharmaceutical composition of claim 3, wherein the aromatic ring derivative is represented by formula (V) or 
formula (VI): 
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5 




(VI) 



10 

wherein R 5 represents a hydrogen atom or a lower alkyl group; R 6 is a hydrogen atom, a halogen atom, or a phenyl 
group; and X and A are as defined above. 

6. The pharmaceutical composition of any one of claims 1 to 5, wherein the aromatic ring derivative is represented by 
15 formula (I) where X is a lower alkylsulfonyl carbamoyl group, a lower alkenylsulfonylcarbamoyl group, a lower alky- 

nylsulfonylcarbamoy! group, an aromatic-sulfonylcarbamoyl, or a heterocyclic sulfonylcarbamoyl group, each of 
which may have one or more substituents. 

7. An aromatic ring derivative represented by formula (I): 

20 

X— ch,- Nu~ch 2 -A ( 1 ) 



30 



wherein X indicates the substituent represented by formula (II): 



H 



R2^o>k/- (ID 



wherein R 2 is a lower alkyl group, a lower alkenyl group, a lower alkynyl group, a cyclo-lower alkyl group, an aro- 
matic group, or a heterocyclic group, each of which may have one or more substituents; ch 1 and ch 2 each repre- 
sents a saturated or unsaturated cross-linking group, which may be branched; cfy may have one or more 

40 substituents selected from a group consisting of a lower alkyl group, a lower cycloalkyl group, an aromatic group, a 
heterocyclic group, a lower alkyl-lower cycloalkyl group, an aromatic-lower alkyl group, and a heterocyclic lower 
alkyl group; Nu represents a 5- or 6-membered aromatic group; X and Nu may be bonded directly to each other; 

represents a hydrogen atom, a halogen atom, a lower alkyl group, an amino group, an acylamino group, a lower 
alkenyl group, a lower alkynyl group, a halo-lower alkyl group, a lower cycloalkyl group, a nitro group, a lower 

45 alkylamino group, a carboxyl group, an ester if ied carboxyl group, an amidated carboxyl group, a lower alkanesulfo- 
nyl group, an aromatic-sulfonyl group, a hydroxyl group, or a lower alkoxyl group; n means a natural number of 2 or 
less; and A is an aromatic ring that may have one or more substituents; 
and its pharmaceutically acceptable salt. 

so 8. The aromatic ring derivative and its pharmaceutically acceptable salt of claim 7, wherein Nu is a benzene ring. 

9. The aromatic ring derivative and its pharmaceutically accepiab\e salt of claim 7, wherein Nu is a pyridine ring and 
ch 2 is a saturated or unsaturated cross-linking hydrocarbon group. 

55 1 o. The aromatic ring derivative and its pharmaceutically acceptable salt of claims 7 or 8, wherein Nu is a benzene ring; 
X is bonded directly to Nu; ch 2 is an azaethylene chain; the nitrogen atom in the azaethylene chain may be substi- 
tuted with a lower alkyl group; and R 1 is a hydrogen atom, an amino group, or an acylamino group. 
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11. The aromatic ring derivative and its pharmaceutical^ acceptable salt of any one of claims 7 to 9, wherein Nu is a 
pyridine ring; X is bonded directly to Nu; ch 2 is an ethenylene chain; and Ri is a hydrogen atom or an acyiamino 
group. 

12. The aromatic ring derivative and its pharmaceutical^ acceptable salt of claim 7, wherein Nu is an imidazole ring. 

1 3. The aromatic ring derivative and its pharmaceutical^ acceptable salt of any one of claims 7 to 1 2, wherein Nu is an 
imidazole ring; ch-| is an ethylene chain or an ethenylene chain; ch 2 is a methylene chain; and R-j is a hydrogen 
atom, a lower alkyl group, a halogen atom, or a phenyl group. 

14. An aromatic ring derivative represented by formula (111): 



H 




(in) 



wherein R 3 , R 4 , X and A are as defined above; and its pharmaceutical acceptable salt. 



15. An aromatic ring derivative represented by formula (IV): 



x 




A 



(IV) 



wherein X and A are as defined above; and its pharmaceuticaily acceptable salt. 



1 6. An aromatic ring derivative represented by formula (V) or formula (VI); 




A 



(V) 




(VI) 



wherein R 5 , R 6 , X and A are as defined above; and its pharmaceuticaily acceptable salt. 
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17. The aromatic ring derivative and its pharmaceutically acceptable salt of any one of claims 7 to 16, wherein X is a 
lower alkylsulfbnyl carbamoyl group, a lower alkenylsulfonylcarbamoyl group, a lower alkynylsulfonylcarbamoyl 
group, an aromatic-sulfonylcarbamoyl group, or a heterocyclic sulfonylcarbamoyl group, each of which may have 
one or more substituents. 
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Figure 1 



(3 1) 



(3 2) 
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Figure 2 
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Figure 3 
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